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Preface 


The field of motor-skill acquisition is a part of experimental psy- 
chology and one of the siblings of the learning family. Those who 
work in the area think of themselv 
and less to motor and few investigators care much about motor-skill 


s as contributing more to learning 


qua motor-skill. Rather, the research emphasis is upon the variables 
and explanations of learning that will be seen in the chapters which 
follow. 

This book contains the papers presented ata conference on * “Acqui- 
sition of Skill” held March 8-12, 1965 in New Orleans, Louisiana. The 
conference was supported by the t Army Medical Research and 
Development Command, Office of the Surgeon General, through 


Grant No. 65-G140 to Tulane University. As in the Cofer conferences 
on verbal behavior which preceded it, Principal authors were asked to 
submit chapters before conference time and Discussant authors were 
asked to submit reviews by conference time. The papers by the Dis- 
cussants were read at the conference: those of the Principals were 
not. Both sets are published here with but minor changes. The greater 
part of the conference was spent in general discussion of the work of 


Principal and Discussant; no summary of this activity was recorded. 

A book promised to be very useful since there was no previous 
one, although a number of highly regarded investigators had contri- 
buted to the area regularly. These investigators, while individually 
prolific, had not brought attention to the field by integrating their 
diverse contributions or writing general summaries. Although this 
helped to retard recognition, acknowledgment of motor-skills con- 
tributions to human behavior theory has nonetheless come, if slowly 
and recently, as, for example, in the decision to cover motor-skills 
acquisition in the Annual Review of Psychology of 1961 and in its 
inclusion as a category in Melton’s Categories of Human Learning in 
1964. In 1961, the writer determined that skill would have book- 
length coverage; the present volume is the result. 

The book begins with a history of research on the acquisition of 
skill the only such historical survey available. The second chapter, 


vii 
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on selective learning, is the first substantive chapter. It is first because 
motor involvement is deliberately held to a minimum and the process 
of response selection can be more readily seen. Chapter 3 covers the 
topic of individual differences, the methodology of test and measure- 
ment that has been brought to bear on problems usually reserved to 
experimental psychology. A succession of chapters (4,5, 6. 7) follows 
in which the motor literature, and some verbal as well, is covered, 
but in which the authors make more ofa point of speaking to the issues 
of learning. Chapters 8 and 9 are more frankly motor, dealing with 
tracking and moving, respectively. Finally, the last chapter acknowl- 
edges the need to address ourselves to motor and verbal processes 
simultaneously and includes a critical review of the previous Chapters. 
It is not possible to acknowledge all the advice and counsel re- 
ceived. The sponsor deserves not only recognition for its financial 
support, but also for the painless way that Dr. Glenn R. Hawkes, 
Chief of the Basic Sciences Branch of the Office of the Surgeon Gen- 
eral represented the agency. Dr. Ina McD. Bilodeau and Dr. Arthur 
L. Irion gave encouragement and direction during the years the con- 
ference and book were under preparation. АН of the conferees pro- 


vided counsel at one time or other, their cooperation producing my 
enduring gratitude. 


December, 1965 Epwanp A. BILODEAU 
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ACQUISITION OF SKILL 


Chapter 1 


A Brief History of Research 
on the Acquisition of Skill 


ARTHUR L. IRION 
Tulane University 


Introduction 

According to tradition, an historical introduction should begin with a 
definition of the subject matter area to be covered and the identification of 
some individual to whom can be assigned the credit or blame for first having 
worked in that area. Thus, in the field of rote learning, the historian could 
define the field by pointing to the experimental situations involving serial and 
paired-associate learning, the characteristic verbal materials usually em- 
ployed, and the traditional problems that have been investigated. According 
to his preference, he could identify a founder by referring to Aristotle’s views 
to one or more of the British associationists, or to the experi- 


On association, 
as by Ebbinghaus. However, in the 


mental crystallization of some of these ide. 
field of motor learning and motor behavior, the definition of the field is by no 
Means as easy to accomplish. Moreover, there does not appear to be any one 
itimately wear the mantle of The Founder. Pioneers 
there were, and aplenty, but a claim to foundership by any one of them 
seems somewhat hollow. As often as Bryan and Harter’s (1897, 1899) curves 
for the learning of telegraphic skill have been reproduced in elementary 
textbooks, it would be difficult to attribute to these studies an importance 
equal to the findings of Pavlov in the field of conditioning, and neither can 
the early work of Swift (1904, 1905, 1906, 1910; Swift & Schuyler, 1907) 

systematic investigations of Ebbinghaus. The 


individual who can leg 


really be compared with the 


work of the would-be founders, 
scope as well as in imaginativeness. The field of motor skills lacks a pioneer 


gree of creativity, who engaged in a wide variety of 


in such comparisons, appears to be limited in 


who possessed a high de 


researches, and who promulgated 
as dogma by subsequent workers in the field. 


While it is undeniably true that here, as in other situations, want of 
identifiable ancestry can be an embarrassment, it is also true that the field of 
motor skills probably owes some of its vitality to just that deficiency. A 


founder tends to define the fie 


a number of strong opinions that could 


come to be accepted 


Id of discourse, to set its methods and its prob- 
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lems, and, all too often, to bequeath a legacy of sterility as well. Too fre- 
quently, the dead hand of the founder continues to rest on the helm of the 
ship and the weight of the tradition he has established to limit the scope and 
imaginativeness of the work of those who follow. The field of motor skills 
does not suffer from a lack of variety of approach. Indeed, the approaches and 
methods are so extremely various that there is some difficulty in defining, in 
a sensible way, what the ficld of motor skills is. 

It is undoubtedly true that those who work in the skills area develop an 
intuitive fecling for what is, and what is not, properly to be considered a part 
of the skills field. Were 10 such workers to be assigned the task of dichotomiz- 
ing the literature of experimental psychology into skills research as opposed 
to non-skills research, there would undoubtedly be a high degree of similarity 
among the resulting assortments. However, it could also be predicted with 
almost equal certainty that it would be very difficult to infer a rational basis 
for their classifications. There are many diverse skeins of interest and activity 
in the motor-skills area and most of these overlap, to а considerable extent 
with the whole remaining field of experimental psychology. So significant is 
this overlap, that an excellent argument could be made for the proposition 
that the history of motor skills research is, in large measure, a history of ex- 
perimental psychology. The traditional areas of learning, sensation, percep- 
tion, cognition, work phenomena, physiological correlates of behavior, 
motivation, and psychometries have all been represented in the research on 
skills and, while not all of the significant work in these areas has had an 
immediate relevance to the research in skills, it is difficult to think of an 
important research finding in the field of motor skills that has not made a 
contribution to our understanding of one or more of the basic problem arcas. 

While part of the difficulty of defining the area of motor skills may stem 
from the previously mentioned lack of a founding father, the lack ofa service- 
able basic concept is probably a more significant deficiency. Other areas of 
investigation have been more fortunate in this respect. The concept of the 
idea, developed so thoroughly by the associationists, proved to have great 
value for the workers in the field of rote learning. The concept that was the 
obvious analog to the idea and that should have been useful to the workers in 
the field of motor skills, the Cartesian reflex, turned out to be not so very use- 
ful, after all, in the skills context. Quite evidently, the concept of the reflex 
has been much more useful to the physiological psychologists and the 
Pavlovians than it has been to the workers in the area of skills. The difficulty, 
of course, is that the idea and the reflex are excellent concepts for describing 
behaviors that naturally break into discrete units (or that can be broken into 
such units without the introduction of too great a degree of artificiality). The 


concepts are not nearly as satisfactory for describing behaviors that are es- 
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sentially continuous. It is true, of course, that some motor performances are 
better described than others as a series of discrete events, and it is also true 
that the exigencies of the laboratory have forced workers to consider motor 
events in a conceptual framework of discrete events whether or not the re- 
sulting approximation to reality is particularly apposite. While it cannot be 
denied that because of the former circumstance, and in spite of the latter one, 
considerable advances have been mad 
it is also possible that the use of a model for dis- 


e in the understanding of motor skills 


in terms of discrete events, 
long run, prove to be more harmful than beneficial. 


erete events may, in the 
Bilodeau and Bilodeau (1961) offer а 


In. their excellent review, E. A. 
"deliberately naive" definition that differentiates the motor-skills field from 
other areas in terms of the relative importance of the hand, the tongue, and 
the eve; and, which, with the 


to be more deliberate than naive. Perhaps, a 
sponse availability and the other with 


further restrictions they place upon it, turns out 
id for definitional purposes only, 
two dimensions опе dealing with rc 


n be offered to supplement their definition. 
en concerned with the learning of motor skills, at 


response selection — 
For those who have be 


any rate, it would seem that there 
as such, than with the problem of selecting 


has been much more concern with the 
problem of acquiring responses, : 

been acquired previously. Learning situa- 
is low, and in which learning consists of 
s, include such commonplace situa- 


from among responses that have 


tions in which response availability 
opriate response 
ve to swim, to play the piano, to drive a golf 
ed era) to fly an airplane. In apparatus 


the acquisition of appr 
tions as are involved in learnit 
ball, and (in an earlier and less ; 
terms, the dimension is one that extends, for 
(Koerth, 1922), through the Complex Coordinator 
simple reaction-time situation. 

The other dimension is th 


terms of experimental situations, | 
at the low end of the 
Selective Mathometer (Noble & Farese, 1955) at 


automat 
example, from the pursuit rotor 


(Melton, 1947a), to the 


e dimension of response selection. Again, in 
stches from the simple 


the dimension st 
i i i i i selection dimension to, let us 
reaction-time situation 
say, performance on the 


the high end. cw 
While it would be of dubi 


f А š Es oses of m 
ill-defined dimensions for purposes of б фу 

зое, the dimensions may be useful, nevertheless, 
irposes, 


Id of motor skills is 
and in the laboratory, а particular learning 
along both dimensions. Tasks that are 


ous value to attempt to locate tasks along 
iking these positions independent 
variables for research pt 


ў fie More usually than not, in 
in helping to define what the fie 


both practical learning situations 
lask falls at some intermediate point 
ability and low in ! 


w and are no 
than the study of the acquis 


hig il esponse selectivity tend Еа] 
igh in response aval 
from the learning point of vie 
another purpose 


t much studied (the reaction-time 


ition of 


experiments having 
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skill). Learning situations that involve a high amount of selection from among 
very unavailable responses are not much used in the laboratory since thes 
are extremely difficult. As an ultimate example of this combination, one can 
contemplate the number of hours or "trials" of practice that would be re- 
quired to enable a completely naive subject to play one of the more difficult 
Beethoven piano sonatas precisely and from memory. In the research situa- 
tions that have been used, either response availability is low and selectivity 
is also low (as in the case of the rotor) or response availability is high and 
selectivity is high (as in the case of the Selective Mathometer), or moderate 
degrees of selectivity and availability are combined in the task (as in the case 
of the Complex Coordinator). For the purpose of defining the field of motor 
learning, it can be noted that workers generally have dealt with experimental 
situations that could be located toward the low end of the response avail- 


ability dimension and in combination with low to 
response selectivity. 


moderate degrees of 


The history of research in the motor-skills area is marked by several 
noticeable quantitative and qualitative trends. In quantitative terms, the 
sheer total output of research papers, plotted against time, shows that, from 
relatively modest beginnings at the very end of the 19th century, there was а 
steady and positively accelerated growth in the number of papers published 
per year until a peak was reached sometime toward the end of the decade 
1950-1959. Since that time, there has been a steady decrease in total re- 
search output. In part, the recent decrease can be accounted for by the fact 
that some of the pre iously very active contributors to the skills field have 
now directed their research on other 


courses while few active, new con- 
tributors are appearing on the scene to take their places. Partly, too, the de- 
crease results from the lowered amount of federal support (in the United 
States) for investigations in the skills are: 


There is also the possibility that 
some of the decline is attributable to the fact that one or two of the major re- 
search issues of the 1950's have been beaten almost to death in the labora- 
tory. Finally, there is more than a suspicion that the decrease is, in part, 
illusory that it results from an error in classifying research. In a rapidly 
changing field of investigation, active rese 


arch workers may well be drawn 
into bypaths of 


research that, for them, represent the central part of their 
problem, but which are counted as something else by the historian who is 
always more inclined to be bound by the 
past. Even if this last source of error is taken into subjective account, however, 
it would seem that there has been a decrease in the volume of work that can 
be classified as skills research, and that this decline 
decade. 


traditions and classifications of the 


began within the past 


In general, the history of skills research can be broken into two rather 
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obvious segments, and perhaps into some less obvious ones as well. The 
major break in skills research appears to have occurred between 1943 and 
1949. The lower limiting date is taken as the date of publication of Hull's 
Principles of Behavior. Although the first important fruits of Hull’s theory did 
not begin to appear in the motor-skills literature until the late 1940's (Am- 
mons, 1947a, b; Kimble & Horenstein, 1948; Kimble, 1949), there can be no 
doubt that the Principles exerted a decisive influence on the field. The upper 
limiting date, which is more local and more arbitrary, is taken as the approx- 
imate date of the emergence of the postwar research program of the United 
States Air Force that supported work in the skills area so heavily and so 
effectively. Ifa definite date has to be assigned to the breaking point, 1945 
would appear to be an appropriate one since it coincides with the end of 


World War I. 
The causes of the change are multiple. In addition to the emergence of 


Hull’s theory, and other theoretical viewpoints, and the postwar support of 
research, there existed, at the close of World War H a considerable number of 
young experimental psychologists who had been exposed to skills problems 
in the research and aircrew selection programs of the Army Air Corps during 
the war. (In Great Britian, a similar influence was exerted by the program 
sponsored by the Royal Air Force and directed by Sir Frederic Bartlett.) At 
the same time, new and much improved techniques for data analysis came 
into general use. As might be expected, these influences affected different 
but of the strength of their combined impact 


individuals in different ways 
upon the research effort of the 1950's, there can be no doubt. Almost without 
exception, the major contributors to the literature of this decade were either 
(1) operating under a Hullian or a Hullian-derived theoretical framework, or 
(2) supported in their research efforts by the USAF (or the RAF), or (3) former 
military or civilian workers in the aeronautical programs of World War II. 
Many of the prominent research workers of the 1950's reflected the influence 
of at least two of these variables and not a few were influenced by all three. 

If there can be some dispute concerning the forces that produced the 
change in motor-skills research that occurred during the period in question, 


there can be no question as to the profound character of the change itself, In 


purely quantitative terms, this was the change that was accompanied and 
followed by the great surge of research that reached its peak some 10 or 15 
years later; but the change was much more than a quantitative one. More was 
involved, also, than the selection of more and better topics for research, al- 
though this occurred too. At a more fundamental level, the conception of 
experiments, the efficiency of their designs, and the deftness of their execu- 
tion underwent a basic revolution. There were, of course, some excellent 
pieces of research before 1945, although the average quality of the pre-1945 
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research seems woefully inadequate as measured against the technical 
standards of today. A part of the increase in the power and effectiveness ol 
research in skills during the postwar period was a result ofthe greater sophis- 
tication that the later experimenters possessed in terms of variables. thee 
retical structures, and the practical business of experimentation, However. 
perhaps the most profound difference was broueht about by events that 
occurred outside of the skills area the development of new statistical tech- 
niques for handling skills dats. One who gives more than a¢ urson Чанес 
the pre-1945 literature in skills is immediately struck by the fact that the 
investigators seemed to have been handeutfed by their inability to treat the 
data in meaningful ways. Occasionally quantitative dati were presented in 
the form of means with their probable errors and/or with appended critical 
ratios for pairs of conditions. More often, the investigator presented his data 
in the graphic form of learning curves. The great preocceupation that the carly 
experimenters exhibited with respect to learning curves probably reflects, as 
much as anything else, the want of a technique for treating their data in any 
other meaningful wa 


Phe lack of analytical poweralso had another influence 
on prewar research, Since the research worker was more or less Limited to the 
drawing of one or more curves and letting the reader come to his own pur 
clusions, the experimenter was virtually forced to confine his investigations 
to variables that produced large effects, Lacking the tools for analyzing even 
large differences, he did not dare to venture into the investigation ol БИШЕ, 
that produced more subtle effects. In this instance, tradition compounded 


i В B it : use 
the difficulty. Early experimentation in all areas of psychology tended to 


] 8 pes jocks n 
very small numbers of subjects. The use of two or three hundred subjects 


each experimental group would allow an investi 


суй 
gator to make some shrew | 
" "n J H " t ТЕ 
and valid decisions about subtle effects even if he did not have sophisticat 


li, cA 9 > " ^ ree" Bae erful 
statistical tools at his disposal. It is an ironic fact that the tools for power 


ә "e 1 А е кит he 
analysis and the tradition of using large numbers of subjects arrived on t 
seene at the same time. While no one is 


bes «арзу 
apt to deplore the use of respectabl 
large groups in combination with refine 


d tools of statistical analysis, it is un— 
fortunate that the large-group alte 
employed in earlier times. 

If the major break in the character of motor-skills research is accepted as 
having occurred, and approximately at the specified time, the further sub- 
first of the two major historical er 
suggestion is advanced in a much more tent 


К -— й ore 
mative to statistical elegance was not ein 


A КЕТТ 
division of the as may be suggested. Th 


i ; "lion 
ative fashion than the suggest 
regarding the major division, both as to its rc 


eus 2 | eer 
the divisional line should be drawn. However, it does appear that the p 
Š Р кп аф Э mU 
1945 period exhibits a shift ora change of emphasis that took place betwe 
35 Я 5 xplor- 
1925 and 1935. Before 1925, much of the work appears to have been expl 


А hich 
‘ality and as to the date on whic 
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шогу in character—at least as itis examined in retrospect. Ifa definite date is 
desired for the end of the early period, perhaps the appearance of MeGeoch's 
(1927) review of the literature on skills could serve as an arbitrary reference 
date. 

We are left, then, with three periods. The first of these extends from the 
1890's to about 1927. The second lies between 1927 and 1945. The final 
period extends from about 1945 to the present time.! The first period was a 


period of definition and exploration. The second period was marked by a 
considerable increase. in the sophistication of experimental work, by the 
borrowing of techniques and concepts from other areas of psychology, and 
id theoretical formulations that 


particular by the emergence of seve 
wave structure to the work of the period. It was during the second period 


that many of the important ideas and concepts that were to produce such 
a large harvest of research during the 1950's began to emerge. Finally, a 
few general remarks should be made about the third period since it was dur- 
ing this era that more than half of all of the research that has ever been done 
in the skills field was published. Indeed, the third period is more character- 
ized by this surge of publication than by anything else. Such an explosion of 
research could probably only have occurred under just the proper set of cir- 
cumstances which, in this case, would seem to include the following ones. 
(D World War H had produced a large and fairly homogeneous group of young 
psychologists who had gained some sophistication and interest in the skills 
area, Many of these psychologists had accumulated a backlog of research 
ideas during the war years that could not be put to the experimental test 
until after the war. (2) By the end of World War II, several attractive theoreti- 
cal models were in existence that could give orientation and direction to the 
work in skills. (3) Techniques of data analysis that had been developed during 
the 1930's and 1940's, and were much more sophisticated and powerful than 
the techniques used by prewar psychologists, were ready for use in psycho- 
logical research. (4) There was generous financial support for research in the 
skills area. Under these circumstances, it was almost inevitable that the rate 


of production of research should have increased, which it did, by a factor of 


approximately 3. 

The contribution of each era to the total literature of the skills field can be 
estimated only approximately, since the estimates must reflect someone's 
judgment as to what should be, and should not be, counted as skills research. 
For what it may be worth, however, such an estimate is offered. It would 


! Jt is possible that it would also be profitable to fractionate the third major period, 
the one that extends from 1945 to the present time. Some shift of emphasis does appear 
to have occurred late in the 1950s. However, if such a natural division exists, it is 
obscured by the fact that we are still in the period of transition 
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appear that the first era contributed about 826 of the total published research 
in the skills field; the second era contributed about 1726; and the third era 
contributed nearly 75% of the total amount of published research, These per 
centages, as noted above, are only approximations and, of course, thes do not 
reflect contributions to knowledge—only contributions to the literature as 
measured by number of papers published. 

A few remarks should also be offered concerning the phenomenon of 
productivity as it applies to research in the skills area. In most fields of io 
search, when number of authors is plotted against number of papers pe! 
author, а J-curve is obtained which symbolizes the fact that most authors are 
extremely unproductive while an exceedingly few authors are very proe 
ductive. The same situation exists in the field of motor skills. Nearly halt ol 


the “contributors” to the skills field have been the co-author of one paper 
only. 


About one author in a hundred has contributed as many as 20 papers to 
the literature, and an author who has written more than three papers is in the 
top 10% on the scale of productivity. It may be that this distribution of pro- 
ductivity results from the fact that some research workers tend to scatter 
their efforts over a number of fields while others tend to concentrate in onc 
area. However, since the same general curve seems to be obtained for cone 
tributors in other fields and, especially, since contributors to the Journal of 
Experimental Psychology (regardless of field) are distributed in the same 
way, it would seem to be more likely that the J-curve reflects a basie fact con- 
cerning general scientific productivity, at least as far as psychologists are 
concerned. | 

A few concluding comments should be made concerning the systematic 
predilections of those who have worked in the field of motor skills. Through 
the years, this group has been remarkable for its homogeneity of systematic 
viewpoint and, during the most recent period, for the similarity of the age and 
background of its members. Earlier workers in the skills field were mostly 


n ; ; 7 - ч $ T i B B ave 
quantitatively minded functionalists. During more recent time s, they ha 
been behaviorists. 


This is not to say that a variety of theoretical viewpoints 
have not been represented. It is to say that there has been very little contro- 
versy concerning ultimate aims and purposes. The earlier work is remarkably 
free from the methods and strictures of structuralism. In ] 
intrusions of gestalt theory have been so infrequent 
remarkable. 


ater years, the 
as to make each instance 
There appears to be no example of psychoanalytically oriented 
research in the skills literature, and it is difficult e 


ven to conceive of the role 
an existentialist might play in the psychomotor | 


aboratory. Homogeneity of 
viewpoint can, no doubt, be a curse as well as a blessing, and it is not within 
the province of this chapter to speculate about the kinds of work that might 


have been accomplished under different systematic leadership, but history 
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must record that those who have worked in the skills field have been be- 


haviorists. 


The Early Period? 


One of the first areas in the skills field to receive research attention was 
the problem of distribution of practice. Over the years, more motor-learning 
studies have been conducted with respect to distribution phenomena (and 
the related problem of reminiscence) than have been concerned with any 
other specific area of investigation. In the beginning, interest in the problem 
of distribution was stimulated by research findings in other learning situations 
(for the problem can be traced back to Ebbinghaus), and such early workers 
as Jost (1897) had not only demonstrated the relatively greater efficiency of 


distributed over massed trials but had also engaged in theoretical speculations 
that were relevant to the distribution problem. From such beginnings, the 
research in the area of distribution of practice appears to have gone through 
three periods which coincide, roughly, with the three periods into which the 
whole history of skills research has been divided. 

Karly work, such as that by Starch (1912) and Pyle (1913, 1914), was 
largely concerned with determining whether or not the introduction of rest 
periods between practice sessions did, in fact, affect performance. The early 
work was also marked by a number of experimental preferences, two of the 
most important of which were the following: 

1. There appeared to be a considerable amount of interest in generating 


? Detailed histories of several important areas and topics of research are not covered 
in this chapter. In general, areas that are important for learning and the conditions of 
practice have been covered. Not covered is all of the work on the mechanics of move- 
ment, the discrimination of stimulus situations, quantitative set, the dynamogenic 
effects of muscular tension, the psychological refractory period, and application of in- 
formation theory. Some of this work has been reviewed by Adams (196 la. 1962, 1964), 
Attheave (1959), Courts (1942), Meyer (1953), Poulton (1957), Saufley and Bilodeau 
(1963), and Smith and Smith (1962). The reader is also referred to the ensuing chapters 
of this volume, particularly those by Adams, Poulton, and Smith. It is a matter of 
particular regret that the excellent and extremely comprehensive work of Fitts and his 
associates in the broadly defined area of human engineering cannot be covered here, 
The interested reader should consult the following works (which are barely repre- 
sentative of the enormous volume of material): Fitts (1951, 1958), Melton and Briggs 


(1960), Bahrick, Fitts, and Briggs (1957). 
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a universal rule concerning distribution effects so that optimal work-rest 
schedules could be devised. There was a concomitant tendency to attempt to 
transpose results obtained under widely different experimental conditions: 
Since not all situations yield the same distribution benefits, and some tend 
to show an advantage for massed trials; some confusion was introduced into 
carly attempts to summarize the findings. : 

2. Early experiments tended to confound length of practice periods м ith 
length of the interpolated rest periods. This tendency reflects a preference 
for which variables should be confounded for it must be remembered that 
there are three basic variables: in distribution-of-practice experiments: 
amount of practice, length of rest, and total elapsed time. It is not possible to 
conduct an experiment in which two of the variables are not confounded. 
Early experimenters evidently felt that it was important to control the total 
amount of elapsed time while keeping total amount of rest constant. Under 
these circumstances, as amount of practice per session increases, length ol 
rests between sessions also increases. 

In very general terms, the findings of the carly research on the problem 
of distribution of practice may be summarized as follows: 

J. In most learning situations, but not in all of them, distributed practice 
is superior to massed practice when performance is plotted against some 
measure of amount of practice. 

2 


In general, long rests are superior to short rests, although there are 
obvious limitations to the practical implementation of this finding. 

З. As a rule, short practice sessions betwe 
than do long practice sessions. 


A Scores 
rests vield better score 


Much of the early work on the distribution of practice is summarized in 
the review of the literature by Ruch (1928). The problem of fatigue, as it may 
relate to the phenomena of distribution, was summarized by Robinson ( 1934. 

A second area of early rescarch, and one that, in its original form, was more 


or less confined to the early period, was the whole-part problem. The whole- 
part problem seems to have represented many things to many people, but the 


one thing it does not seem to have been is a problem, in and of itself. 


The difficulty is that the whole-part proble 


m overlaps with a considerable 
number of other problems. For example, 


it tends to merge with the problem 
ach of the parts may be considered to bea 
shorter unit of practice than is the practicing of the whole task. IF the parts be 
practiced in alternation or succession 


of distribution of practice in that e 


+ practice on each part is distributed b 
the length of time required for practice on the other part or parts. However: 
the fact that the parts must be practiced in some order also throws the whole- 


part problem into the category of transfer-of-training experiments including 


designs for the study of proactive and retroactive inhibition. If a task, X. is 
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broken down into parts A and B (so that A + B = XJ, if A is practiced first, B is 


practiced second, and finally a test is made of A + B, negative transfer from 


A to B can be considered as proactive inhibition, and negative transfer from 
B to A (in A + B) can be considered as retroactive inhibition. Moreover, it 
should be noted that, although the early. experiments on the whole-part 


problem were not designed to test for combination effects, these investiga- 


n IFA and B are separate components of 


tions can be considered in this w 
X and if there is a combining rule for predicting the value of X if values are 
known for A and B separately, the whole-part problem becomes a special case 


of the combination problem. Finally, it should be noted that the whole-part 


problem is a part of the problem that deals with length-difficulty relationships, 
and it is out of this context that the whole-part problem seems to have arisen. 
The length-difficulty relationship, itself, has been studied in conjunction with 
a number of other variables. The classical paper on the length-difficulty prob- 
lem by Lyon (1914) also dealt with this relationship under conditions of mass- 
ing and distribution and reported a strong interaction effect, the longer mate- 
er to learn under distributed than under 


rials being disproportionately е 


massed practice conditions. In the case of the whole-part problem and its rela- 
tion to research on the distribution of practice, there have been experiments 
in which both whole and part methods of practice were used with and without 
the introduction of additional rests. For example, Crafts (1930) used a letter- 
number substitution task and found that the whole method was about equal 
(or slightly inferior) to the part methods he employed when practice was 
distinctly and consistently superior 


massed, but that the whole method wa 
under conditions of distributed practice? 
As far as other areas of investigation were concerned, the first historical 


period was one in which fundamental concepts were being formed and ex- 


plorations were taking place, but frequently these did not have any particu- 
lar relevance to the skills field at the time they occurred. For example, the 
classical papers on transfer of training by Thorndike and Woodworth (1901) 
were later to exert a considerable influence on the work in skills, but they 
re written. In a some- 


were not oriented in this direction at the time they w 
what similar way, although in these cases, skill-learning was involved, the 
exploratory. studies of Bryan and Harter (1897, 1899) and Starch (1910) on 


?An interesting "solution" to the whole-part problem has recently been offered by 
Annett and Kay (1956). They point out that a series of recurring events is probably best 
learned by the whole method. If, however, the responses of the subject serve to alter 
the series of events, part practice will tend to reduce the variability or randomness of 
the series. They pose the paradox that “if the elements ofa task are highly independent 
the task is bost learned as a whole, but where the elements are highly interdependent 


they should be split up and the task learned in parts. 
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learning curves, and the studies of Swift (1904, 1905, 1906, 1910; Swilt & 
Schuyler, 1907) on the learning and retention of skills, served mainly to 


define problem areas for later investigators. 


The Second Period 


If the first period was largely devoted to exploratory work, the second 
period was marked by the emergence of a number of theoretical points of 
view and by the sharpening of concepts. Also toward the end of the second 
era, many of the problems of methodology and data analysis began to come 
into focus. To a considerable extent, the second era is distinguished by the 
borrowing of concepts and methods from other areas of psychology. In addi- 
tion, several new areas of skills research became established during this 
period. If, in retrospect 


some of the theorizing and experimental work ap- 
pears to be somewhat naive and, perhaps, crude, it must be remembered that 
without the preparatory work of this era, the great explosion of fruitful re- 
search that followed World War H would not have been possible. 

During the second era, work on problems of distribution of practice COM 
tinued to be published, and at an increasing rate. To a considerable extent, 
by the advent of the 1930's, the use of the concept of fatigue as an explanation 
of distribution effects had fallen from favor and a considerable number of 
other special theories and hypotheses had been advanced. Only two of these 
seem to have had much impact on the skills field. These were (1) the twe 
hypotheses concerning age maturation and stimulation maturation advance’ 
by Wheeler and Perkins (1932), and (2) the Snoddy hypothesis (1935). . 

Both of the Wheeler and Perkins hypotheses tend to identify the process of 
learning with the proce 


ss of maturation and, in effect, to consider learning asd 
special form of stimulus-induced growth. The age-maturation hypothesis 
merely holds that the ability to benefit from practice depends upon the age 
maturational level of the subject. Doré and Hilgard (1937) describe the 
stimulation-maturation hypothesis, as follows: “At any given age-maturational 
level, the optimum rate of stimulation to secure improvement ina given func 
tion depends upon the normal rate of stimulation-induced maturation in that 
function" (p. 246). An implication of this formulation is that, given a particular 
age-maturational level, stimulation (practice) will give rise to a rate of growth 
(improvement) that is related more closely to total elapsed time since the 
beginning of practice than to the total amount of practice given in that time: 
This last implication of the Wheeler and Perkins theory was specifically 
tested by Doré and Hilgard (1937) in a skills situation. Using the pursuit 
rotor, they distributed different amounts of practice through the same total 
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amount of elapsed time. Their acquisition curves, when performance was 
plotted against trials in the conventional manner, showed the usual dis- 


plotted against elapsed time, 


tribution benefit. When performance was 
however, the improvement curves tended to coincide, thereby lending sup- 
port to the theory. The results obtained by Hilgard and Smith (1942) also 
seem to lend support to the hypothesis, although later findings by Bell (1942) 
do not. MeGeoch and Irion (1952) have attempted to reconcile these contra- 
dictory results by pointing out that, in view of what is known about the rela- 
tive effects of practice and rest, it is possible to predict, on purely empirical 
grounds, that a range of practice-rest conditions exists for which the predic- 
tions of Wheeler and Perkins should be fulfilled. 

The Snoddy hypothesis posits two opposed processes of mental growth 
called primary growth and secondary growth, respectively. Primary growth is 
supposed to occur early in practice and to be a joint function of amount of 
practice and amount of interpolated time. The cumulative mean of the scores 
during practice is held to be a measure of the amount of primary growth, al- 
though this measure has been attacked on logical grounds by Doré and Hil- 
gard (1938) and on empirical grounds by Payne (1942). Secondary growth is 


supposed to be a function of the base established by primary growth. It 
tends, therefore, to occur later in practice. Secondary growth is held to be 
unstable in the sense that it dissipates spontaneously in time and, hence, 
benefits from massed trials." 

Snoddy’s results (1935), and those of Humphreys (1937), appear to agree 
with the predictions that can be made from the theory, as do the findings of 
Renshaw and Schwarzbek (1938). However, Bell’s (1942) findings offered 
small support to the theory, and the results obtained by Doré and Hilgard 
(1938) were nearly devastating to it. Not only were the findings of Doré and 
Hilgard contrary to a clear prediction from Snoddy's theory, but their re- 
plotting of earlier data seemed to change the interpretation of them in a 
radical manner. More significantly, however, Doré and Hilgard offered a 
two-factor theory of their own based on (1) learning and (2) work decrement. 
Their view, in its more sophisticated contemporary form, is reasonably ac- 
ceptable doctrine today. | | 

During the second period, investigations of the reminiscence phenom- 
enon in motor-learning situations had not really begun to occur. The inter- 


‘It was also held that individual variations tended to decrease in primary growth 
growth. Although it is probably not possible to design 
a 


and to be enhanced in secondar EA Д теме ae | 
an unequivocal test of this implication of Snoddy's theory, it wou d seem that, 
sed trials, variance should 


single long rest were to be introduced late in a series of n * 
be greater on the immediate prerest than on the immediate postrest trial. 
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ested reader should. consult. Buxton's (1943) review of the literature and 
Ammon’s (1947a) theoretical paper. 

А second area of research that emerged during the second period, and e 
that was destined to grow in importance during the subsequent era, dealt w ii 
the problem of transfer of training. The carly findings of Thorndike and Woot : 
worth (1901) served as a basis for several carly studies of transfer such а 
those by Pyle (1919), MeChinis (1929), and Crafts (19351. Thesc . 
which were exploratory in character, vielded а finding that was to hanan 
discouragingly familiar to later investigations: that it is much casier to pee 
duce positive than negative transfer effects in motor-learning situations. ped 
ing the second period of our history, much of the work on transfer appears ^ 
have been influenced by the formulation of the Skawes-Robinson һу aki 
(Robinson, 1927), by Bruce's ( 1933) formulation of the conditions ol шшер, 
and by the growing literature on proactive and retroactive inhibition in n 
field af verbal learning (reviewed by Britt in 1935). These influences art 
revealed iu the studies that attempted to produce interference effects ( [ишп 
& Henry, 1939; Buxton & Grant, 1939; Buxton, 1940). Attempts to produce 
retroactive inhibition failed to veld absolute losses under negative transfer 
conditions although “relative” retroactive inhibition was obtained. In retro- 
spect, a study by Siipola and Isracl (1933) А 
that it showed that amount of interference between two tasks depends, in 
large measure, проп the relative 


н : e dn 
appears to have particular valu 


amounts of training on the two tasks. y = 
apparatus used by Siipola (1940) also appears to have been the prototyples 
inspiration for à number of laboratory devices used by later xb ponte 

A somewhat different theoretical background is reflected in the two as j 
known studies by Hovland and Sears ( 1938; Sears and Hovland, 1941). These 


Р i 8 ” © con- 
studies were based on a model of conflict behavior, but they can be € 


sidered in the context of classical transfer theory. Their studies are of partic 
ular value in that, in addition to measuring "amount of interference, their 
technique permitted an analysis of the kinds of interference or conflict reso" 
lutions that were taking place. Their finding that “the probability of blockage 
as а reaction to conflict increases with the approach of the strengths of hit 
is in essential agreement with the earlier. 
and less analytic, finding of Siipola and Israel (1933) that amount of inter 
ference is maximal when the two interfering habits are of approximately 
equal strength. 


conflicting responses to equality” 


Finally, it should be noted i 


А М ; # 
n passing that two important studies of b 
lateral transfer of training, 


one by Bray (1928) and the other by Munn (19327. 
s second historical era. 

The thread of psychometries runs through the 
research. 


were conducted during thi 


, ; - skills 
entire history of motor-skil 


5 e з d д н eon 
From the beginning, no doubt, skills situations have often bc 
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perceived as likely situations for the measurement of specific aptitudes or for 
predicting particular kinds of performance. The heaviest use of skills situa- 
tions for such purposes occurred during World War П in connection with 
Various airerew selection programs, but the general notion of psychomotor 
ancient than this. In fact, Whipple's Manual (1910) con- 
tains descriptions of a number of simple psychomotor tests, several of which 
were still being used for aircrew selection purposes during World War II. 

In the context of this chapter, the ability to predict success in specific 
occupations, military assignments, or training situations by means of psycho- 
ests of the kind described by Melton (1947a, b) 
course, that such prediction is a matter of 
small consequence in other contexts. It should also be noted that programs 
most practical levels of application have 


testing is much more 


motor devices and apparatus t 
is trivial. This does not mean, of 


aimed at personnel selection at the 
frequently vielded ancillary benefits to the 
research. Thus, a considerable part of the postwar researc 
. and in situations, that had originally been designed 
. Many of the qualities of a satis- 
ase of administration, 


more fundamental areas of skills 
h on skills was con- 


ducted with equipment 
primarily for personnel selection purposes 
factory selection test such as objectivity of scoring, 
reliability of scores, and the existence of a wide range 
desirable in research. instruments. 
However, there is another aspect of the psychometric trend in relation to 
skills research that is notat all trivial in the context of the present review. This 
aspect concerns the study of individual variation in p 
« into skilled performances, and, 


of individual variation 


in scores are also qualities that may be 


erformance, the use of 


test scores to determine the factors enterin 
especially, the study of the course of individual variations and factor struc- 
tures under the conditions of practice. 

During the carlier portion of the second period, research in the psycho- 
tended to be concerned with the 
and with the contributions to total vari- 


re were also a number of studies that 


Metric area measurement of the dispersions 
t mean performances 


ability of such factors as age and sex. The й 
à es with the development of motor skills and abilities in 


e, of which the studies by Hicks (1931), Yarmolenko 
nschade (1940) may be taken as representa- 
cted toward the intercorrelations of scores 

(the general finding being that the 
), and the number of such studies in- 
lysis came into use (Goodenough & 


of scores abou 


concerned themselv 
childhood and adolescene 
(1933), MeCloy (1935), and Espe 
tive. Some attention was also dire 
among different skill-testing situations 
intercorrelations were positive and low 


creased as the technique of factor ana 0 
Smart, 1935; Campbell, 1934; Buxton & Humphreys, 1935; Buxton, 1938; 


Seashore, Buxton, & McCollom, 1940). The second period ended with the 
> Ё (a г ; AT 38; j 9: 
Publication of a stunning series of papers by Woodrow (1938a,b,¢, 1939a, b. 


1940, 1946). Strangely enough, these papers. which should have marked a 
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major turning point in the research on skills (and. indeed. on ridic Ӯ 
semel in general) appear to have had little impact in their own timc and, E 
fact, their implications have not vet been fully explored. The W ia 
impact of Woodrow's work on the field of moter skills was exerted 1 
Ph.D. dissertation (and а subsequent publication? of one of his sie 
Mary J. Kientzle, whose two papers (1946, 1949) were, as will be seen, pw 
Mfiuenital in the area of research on distribution of practice during the thir 
epoch of our history. - 

It was Woodrow who first exploited the interesting pattern of correlatior 
that has frequently been observed in learning situations. The Fo 
is a regularly appearing опе, When successive trial scores are correlated, e 
correlations, between the initial score and the successively following н 
thatare generated as practice progresses show a marked tendences te eloenease 
that is, score on trial 1 will usually correlate more highly with score on trial 2 
than with the score on any Subsequent trial. Similarly, the correlation — 
scores on trial Гапа the score on the nth trial will typically be the lowest r 
the set. At the same time, there is à less pronounced, but ven consisten 
tendency for the correlations between successive trials to increase in ane 
tude from the beginning of practice to the end of practice. The first explana 
tion of these findings was offered by Woodrow (01938b) who noted: 


" | эү би 
Now suppose, for example, that final perlormance depended mainly 

ability Y and initial ability mainly on ability X 
were greater in ability Y than in ability X 


tend to increase with pr 


and that individual differences 
—then individual differences woul’ 
actice: and vice versa. in 
“The change with practice in the pattern of abilities brought into pias ay 
the execution of the task alse could account for the falling-off with practit я 
in the correlation coefficient; since the abilities here supposed are either e 
correlated or correlated only to a small degree... Now when the praet 
accounted for in terms of uncorrelated abilities, it is obvious that il cet 
scores were altogether dependent on ability X and final scores altogeth 

dependent on ability Y, the corre! 
be zero; and further, that 
scores depended upon the 
lation between initial 


2 Te ] бу ttle 
ation between initial and final score we 


y considerable change in the degree to which йе 
two uncorrelated abilities would result ina eor 
and final score markedly below a perfect correlatio! 
The greater the change in the 
lated, the lower should be 
(Be ТҮҮ. 


ms СЛИ T rre 
ability pattern, when the abilities are uncorre 


x NN " ore 
the correlation between initial and final see 


т А 5 А А я ; Кару 
Several of Woodrow's conclusions and observations ave a remark 


пре ess ked 
contemporary aura about them. Writing in 1938, Woodrow noted that mar 
changes in factor loadings тау occur 


: ag. le 
as a result of practice (1938a). | 
concluded: 
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“Tf the goodness of the scores be regarded as determined by a set of co- 


operating but independently variable abilities, then practice may be re- 


garded as a change in the conditions under which the various constituents of 


this set of abilities operate" (p. 227). 
Again Woodrow noted: 


“Tf, then, initial and final measures are equally reliable, as is here the 
case, it is not true that there is any general tendency for test-performances to 
become with practice more dependent upon or better measures of some 
supposedly common factor, such as “g,” intelligence, or speed. One reason 
why test scores have sometimes been supposed to do so is probably the fact 
that 
reliability as the final scores” (р. 227). 


as a rule previous investigators have not used initial scores of as high 


He also noted that gain scores usually correlate highly with final (post- 
practice) scores, but poorly with initial scores. In 1938(a), and again in 1946, 


he failed to uncover a general improvement factor. Finally, Woodrow’s con- 


clusion (1938b) deserves to be quoted. 


“In conclusion, it is desired to emphasize that the phenomena here dis- 
cussed form an important aspect of the results of practice and learning. In 
recent years, experimental psychologists, working largely with the white rat, 
have made notable progress in the explanation of learning. Applied to prac- 
tice, however, the theories advanced are helpful mainly in understanding 
simply the fact that performance improves with practice, i.e., that the practice 
curves rise. Before any account of the phenomena of practice and learning 
can be complete, however, it must take account of two other important phe- 
nomena; namely, the change in individual differences and the falling-off with 
practice in the correlation between the first obtained and the last obtained 


scores" (pp. 277-278). 


Several other areas of research also began to receive significant amounts 
of attention during the second period. The most important of these was the 
area of retention and forgetting. It had long been assumed that motor habits 
were better retained than verbal habits, but at the beginning of the second 
era, this assumption was called into question by MeGeoch and Melton (1929), 
who reviewed the literature on the subject and then compared the retention 
values of mazes and nonsense syllables, each task being presented at three 
levels of difficulty. Although their conclusion that retention differences were 
small was called into question by Freeman and Abernethy (1930, 1932), sub- 
sequent findings of MeGeoch (1932) and by Waters and Poole (1933) tended 
to agree with the earlier findings of MeGeoch and Melton. Waters and Poole 


went on to conclude that “the relative retention value of what have been 
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conventionally called motor and verbal habits is a function of the relative 
degree of learning of the two habits compared.” Leavitt and Schlosberg 
(1944) attempted to equate degree of learning in the pursuit rotor situation 
and the rote learning situation, and then to compare retention of the two 
habits. In their experiment, the pursuit rotor habit was retained better than 
the verbal habit, although the difference was attributable, in part, to the fact 
that the motor habit exhibited a considerable 


unount of reminiscence, Esper 
cially after the shorter retention inter 


The problem of the relative retention value ol verbal and motor habits id 
not to be raised again in precisely this form and, in retrospect, the issue may 
be argued from a number of viewpoints. The first of these would have it ibat 
such comparisons are meaningless because it is not possible to work with 
truly comparable situations and that the equation of such factors as degree of 
learning cannot be accomplished in a meaningful way. A second kind ol 
argument would state that there is little difference between motor forgetting 
and verbal forgetting because verbal retention is really much greater than ut E 
traditionally supposed to be (cf. Underwood, 1957). A final point of view 
would concede that motor habits are remarkably resistant to forgetting, and 
would then marshal arguments to explain this resistance. The most шш 
arguments are (1) that motor habits are generally better learned than verba 
habits and, hence, are le 


is susceptible to forgetting; (2) that motor habits are 
less susceptible to interference effects than are verbal habits because the 
extraexperimental world offers fewer opportunities for the learning of com- 
peting habits in the case of motor habits than in the case of verbal habits; and 
(3) that the situations for measuring motor retention are biased to produce 
high memory scores while the situations for me 


t ee 
asuring verbal memory ar 
biased to produce high amounts of 


interference and forgetting. This thir 
point deserves some amplification, 


Forgetting (and interference) effects in verbal learning are usually meds 
ured by recall performance. It is probably true that the recall situation in 
verbal learning experiments is bi 
forgetting. As far as a particul 
course, a rec 


ased in favor of obtaining interference and 
ar nonsense syllable is concerned. (and, 0f 
all score is a composite of performances with respect to particu- 
lar syllables), an inadequately warm 


s ee : terval 
ed-up subject is given a 9-second inter’ 
in which to make the correct re 


: 3 и е 
sponse and is then scored in an all-or-non 
fashion. Furthermore, in the case 


of the serial anticipation situation, failure te 
recall a single syllable early 


in the series may throw the subject off for the 
remainder of the recall trial (that is, the recalled events 


are not independent). 
By contrast, in motor retention situ 


2 $ А ive a 
ations, the subject is frequently ami 

m pe . z NET ЖИЕ: каш аз 
recall trial” that lasts for 30 seconds or more. During this “trial” he sce 

í А H 5 ickly 

to a relatively homogeneous task, may throw off interference effects quickly, 


; х " re пе 
regain an appropriate set to respond, and make a quite respectable score. Tl 
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question as to what the subject is doing during the first 2 seconds of the first 
relearning period is rarely asked. It is quite possible that, if motor memory 
were to be scored in terms of a very short recall trial, or if motor memory 
were to be measured in a situation in which early failure in recall would act 
to degrade later performance, levels of interference and forgetting in motor- 
learning and verbal-learning situations might be more alike. It is, perhaps, 
unnecessary to point out that comparisons of verbal and motor retention can 
be legitimately made only if the original practice has been highly distributed 
since, otherwise, forgetting in motor-learning situations would be diminished 
or obliterated by the occurrence of reminiscence. 


The Third Period 


As we have already noted, the third period in our history is marked by an 
remely high rate of productivity in all fields of research. Not only were 


е› 
most of the traditional problems subjected to further investigation, but new 
fields of research activity came into being. 

The issue of massed and distributed practice continued to be a dominant 
theme during the early part of the third period. Much more than half of the 


xtensive literature on this topic may be traced to this era. However, it must 
rather abrupt halt in the late 
1950's, and only a handful of recent studies have been conducted along these 


also be noted that research in this area came to : 


lines. 

The third period in the history of research on the problem of distributed 
practice was ushered in by Hull's (1943) introduction ot the concepts of re- 
active inhibition (Zp) and conditioned inhibition (,14) and by Ammons’ 
(19472) theoretical analysis that was specifically A to be applicable to 
the skill-learning situation. The significance of the change consists of more 
than the introduction of two (or more) new theoretical formulations. It marks 
the change from thinking about distribution of practice as being a variable 
that affects learning to a position that views distribution of practice as a vari- 
able affecting performance only. As is noted above, this view had already 
been advanced by Doré and Hilgard (1938)5 


5Ammons (1947a) advanced a theoretical analysis that was very similar to Hull's 
and that was specifically designed to apply to the motor-learning situation in human 
subjects. Perhaps unfortunately, the general enthusiasm generated by Hull's theory 
among that segment of psychologists who could become enthusiastic over theories of 
the general Hullian type tended to carry over into the field of motor-skills research so 
that Hull’s theory was destined to be much more influential in determining future re- 
search than. was the more specific, and in some ways more satisfactory, theory. of 


Ammons. 
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At the transition between the middle period and the third period stand 
two significant studies by Kientzle (1946, 1949), which represent an extension 
of the Woodrow type of analysis to the phenomena of distributed practice. In 
addition to the usual finding that distribution of practice results in a higher 
performance level than does massed practice, Kientzle also found (Dr that the 
experimental groups differing in degree of distribution approach different 


performance asymptotes, these limits being an ine n negatively ac- 


ПЕШ 


celerated function of the duration of the rest intervals’: (2) that variability 
increases as a function both of practice and of interpolated rest, so that vari- 
ability increases more rapidly in the distributed group than in the massed 
group, and that these increases of variability are independent of the magni- 
tudes of the means; and (3) that correlations between scores on particular 
trials are dependent on the ordinal numbers of the trials, but not on length of 
rest. Her conclusion that “the relative contributions of various abilities to 
variance at any particular trial would be independent of rest.” may be re- 
garded as one of the more important statements that have been made about 
distribution phenomena. The implication of her analysis is quite clear: the 
effects of rest and the effects of practice represent separate entities. 

The design of reminiscence experiments is continuous with the design of 
distribution-of-practice experiments except that a single rest period is used, 
The phenomena of distribution experiments and reminiscence experiments 
also appear to be continuous according to an analysis performed bs Buxton 
(1942), who found reminiscence gains following the first rest periods ind 
number of previously reported distribution-of-practice experiments. T is 
probably the proper time to introduce the topic of reminiscence since, with 
the advent of the third period, three studies of reminiscence in pursuit rotor 
learning that varied length of the single rest period appeared in quick suc- 
cession: Ammons (1947b), Kimble and Horenstein (1948), and Trion (1949). 
Two of these studies, those of Ammons and Irion, also varied amount of pre- 
rest practice. 

From the standpoint of Hullian theory, the most significant of these ex- 
periments was the one by Kimble and Horeustein. They plotted their data 
for amount of reminiscence as a function of length of rest against Hull's 
function for the decay of 1, in time, and obtained a tolerably good fit. 


In a second experiment, Kimble (1949) used the inverted alphabet task 


"The finding regarding different asyinptotes for different degrees of distribution 
has been corroborated by Adams (1954) but was by no means in agreement with views 
held in an earlier period as stated, for example, by Lorge (1930). It is probably un- 
necessary to note that this finding does not imply that distribution enhances learning 


or that massing degrades learning. The asyimptotes apply only to performance under 
continued practice with the same de 


ree of distribution 
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E 
previously employed by Kientzle. In this experiment, Kimble varied amount 


of prerest practice and employed, in addition to the standard, massed-practice, 


control group, a second control group that received highly distributed prac- 
tice. By this means, Kimble was able to estimate the amount of In accumu- 
lated after various amounts of prerest practice by measuring the amount of 
reminiscence against the conventional, massed-practice control group and to 
estimate the amount of I accumulated for the same amounts of prerest 


practice by determining how far short of the distributed practice control 
group curve the reminiscence points fell. His conclusion was that Ig remained 
fairly constant during early practice (presumably after rising rapidly to that 
value in the period before the first rest) and then tended to decrease. The 
value of accumulated slp rose in a negatively accelerated manner as a func- 
tion of amount of prerest practice. It is noteworthy, however, that in Kimble's 
experiment, postrest practice was always given by massed trials, and it is also 
worth recording that the postrest performance curves of Kimble's subjects 
failed to yield the warming-up effect that is usually found in situations of this 
kind. It is possible that the lack ofa warming-up effect, in this case, was due 
to the fact that the 30-second measurement periods were employed and that a 
warming-up effect might have been observed had shorter periods been used. 
In each of Kimble's postrest curves, the initial point represents a higher 


level of performance than the second point; thus it might have happened that 


the subjects reached a peak of performance somewhere between the begin- 
ning of postrest practice and the end of the second postrest trial, by which 
time they were already well into what Ammons (1947a) has called “the rela- 
tively decremertal segment of the post-rest performance curve.” At any rate, 
(i vesiis obtained by Adams and Reynolds (1954) do not offer much support 
for the notion that „% operates in postrest performance to depres 


scores 


below the level of the distributed practice control group. Using the pursuit 


rotor, they followed a design very similar to the one used by Kimble, omitting 


the massed practice control group, but also shifting all groups to distributed 
practice following the rest. Thus, the experimental groups received various 
amounts of prerest practice by massed trials, then rested, and finally were 
given their relearning trials under distributed conditions. All of the experi- 
mental groups in relearning seemed to achieve the level of the distributed 
practice control group, although those experimental groups with the greatest 
amount of prerest practice approached the level of the distributed practice 
control group more slowly in relearning than did the experimental groups 
that had been given the least amount of prerest practice. The conclusion that 
J plays a negligible role in motor performance has been arrived at inde- 
pendently by Ammons and Willig (1956) and by Digman (1956, 1959). 


Analogous, and corroborative, studies using a manual cranking task have 
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been performed by E. A. Bilodeau (195 


a). The cranking situation 
has the virtue of keeping learning factors to a minimum, thereby allowing 
inhibitory factors to be revealed in relatively "pure" form. Again, there is 
little evidence that I plays a significant role. 

The weight of the evidence, then, would seem to suggest (1) that distri- 
bution of practice affects performance, but not learning, and (2) that almost all 
of the distribution or reminiscence benefit can be accounted for in terms of 
the dissipation of a single inhibitory factor that builds up during practice and 
dissipates during rest. 

To reach these conclusions, of course, docs not say very much about the 
nature of the inhibitory process. A small amount of research, not all of it 
illuminating, has been performed in respect to this problem. One approach 
has been to attempt to analyze the nature of the motor performance ах it 
changes during practice and over periods of rest. 


These studies employ 
direct observations of behavior 


rather than inferring performance changes 
sis of intertrial correlations. A second line of inquiry has had to 
do with the fact that reminiscence (and, presumably, distribution) gains are 
found in bilateral transfer situations. A few words should be said about cach 
of these approaches. 


from an analy 


The first type of experimentation is exemplified by the studies of Ammons 
(1951a), Bourne and Archer (1956), and Archer (1958). Ammons employed a 
kymographic recording technique in the pursuit rotor situation that allowed 
him to break down time-on-target scores into “number of hits" and "dura- 
tion of hits." He found that the mean number of “hits” 


was greater under 
distributed practice and that, under these conditions, the 


hits tended to havea 
longer mean duration,7 Using a different method of recording, 


Bourne and 
Archer came to essentially the same conclusions, 


They hypothesize that sub- 
jects first learn how to get on the target (hits) 
the target (duration of hits). 


The different shape of the acquisition curves for hits and for mean time on 
target obtained by Ammons (1951a) under massed and distributed practice 


might suggest that different learning processes were involved under these 
two conditions of pr: 


actice, and Bourne and Archer (1956) specifically suggest 
that one of the results of massing may be the accumulation of inhibition to a 
degree that interferes with the 


and later learn how to stay on 


learning of the smooth, circular, following 


Number of hits and duration of hits increased under both massed and distributed 
practice, but both measures increased more rapidly under distributed trials. It is to be 
expected, of course, that the finding regarding number of hits could hold true only dur- 
ing the relatively early stages of learning. Perfect performance on the rotor would in- 
volve the making of but а single hit per trial, but that hit would last for the total duration 
of the trial. 
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motions essential to efficient performance on the rotor. Archer's (1958) find- 
ing led him to hypothesize that inhibitory factors, accumulated during massed 
practice, produce a competing response (tremors) that interferes with per- 
formance and that prevents, toa degree, the learning of the correct responses, 

However, the conclusion that massing and distribution variables affect 
learning rather than performance seems to run counter to the findings of a 
considerable number of investigations and should not be accepted without 
considerably more supporting evidence than now exists. In particular, it 
should be remembered that improved performance is bound to be reflected 
reater duration of hits, or both, and 


in either a greater number of hits or a 4 
s higher under distributed than under massed con- 


that, if total performance 
ditions, this higher performance is bound to be reflected in measures of hits 
and durations. 

The phenomenon of reminiscence in bilateral transfer situations also has 
a short history. In 1952, Irion and Gustafson (1952) and Kimble (1952) dem- 
onstrated that such effects could be obtained. Irion and Gustafson worked 
from initial performance on the right (preferred) hand to final performance on 
the left hand while Kimble worked from practice on the left hand to per- 
formance on the right. The studies were in substantial agreement in showing 
that a group receiving a rest at the time of the switchover of hands exhibited 
a higher subsequent performance than a control group that did not receive 
such a rest, the groups being compared for performance after the switch of 
hands. 

Grice and Reynolds (1952) followed these studies with one that demon- 
strated that amount of bilateral reminiscence was a function of the length of 
the interpolated rest period, a variable known to be important in determining 
amount of conventional reminiscence. This experiment demonstrated that, 
while bilateral reminiscence is less in amount than is unilateral reminiscence, 
it is related to length of rest in approximately the same way. The findings of 
Grice and Reynolds were corroborated and extended by Rockway (1953), who 
varied length of rest and amount of first-hand (prerest) practice. Rockway 
бина that performance with the second hand was an increasing function of 
rest and of amount of first-hand practice. 

The findings on bilateral reminiscence are somewhat difficult to interpret. 
The cogent suggestion has been made by Grice and Reynolds (1952) that “the 
gains in bilateral transfer indicate the presence of temporary inhibitory 
factors either associated with generalized postural adjustment or of a percep- 
tual or central character." Early attempts to isolate postural and/or perceptual 
factors by Goldman (1952) and Duncan (1957) yielded results that were 
essentially negative as far as the problem of bilateral reminiscence is con- 
cerned [but which substantiated earlier findings by Ammons (1951b) and 
Melton (1947a)]. These studies dealt with the effects of such variables as 
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standing, standing and watching the rotors revolve, standing and watching 
other subjects practicing on the rotors, ete. However, Adams’ (1955) study 
suggested a line of explanation. He useda rest-filling activity that might be 
called active or attentive observation. His subjects worked in aconventional 
(unilateral) reminiscence situation on the pursuit. rotor. During the rest 
period, one group of subjects watched other individuals performing on the 
rotor. Adams instructed his subjects not only to watch the rotoring perform- 
ance but also to press a button whenever the individual being observed was 
"on target." Under these Circumstances, active observation (as opposed to 
ordinary resting) had the effect of depressing the amount of reminiseence 
obtained. Adams’ findings have been extended to the bilateral reminiscence 
situation in a recent experiment by Rosenquist (1964) that demonstrates that 
considerable proportions of the bilateral reminiscence effect may be ac 
counted for by active observation during the rest periods, 

Tn the light of the present evidence, it would seem to bea reasonable con- 
clusion that the bilateral reminiscence effect is attributable to the dissipation 
of inhibition accumulated in connection with response systems that are 
common to right-handed and left-handed performance. This conclusion. of 
course, fails to throw additional light upon what the nature of the inhibitory 
process might be.” 

A second area of very heavy concentration of work during the third period 
Was transfer of training. Several different lines of investig 


ation were followed. 
The period began with the appearanc 


е of two much-needed pieces of work: 
the paper by Gagné, Foster, and Crowley (1948) on the 
transfer effects, and the theoreti ul 
Osgood (1949), 


The investig; 


measurement of 
analysis of the conditions of transfer by 


Шону of possible interference effects (including proactive 


and retroactive inhibition) were humerous, dealt with a variety of experi- 


mental situations, and tended, in their summative effect; more or less to 
exhaust the re earch possibilities in this area. In particular, the work of Lewis 
and his associates deserves to be mentioned. A very few, representative, 
studies from this series are cited. Lewis, McAllister, and Adams (1951) used 
inhibition design to study the effects of varying 
amounts of original training on 


Mashburn Apparatus situation. 


а conventional retroactive 


proactive and retroactive inhibition in the 
They found that original learning exerts both 


facilitating and interfering effects upon the learning of the reversed (inter- 


8 : е 

One not very hopeful suggestion concerning this problem which has been offered 
by Kóhler and Fishback ( 1950) and defended by Duncan (1956) would identify reactive 
inhibition with such perceptual “satiation” phenomena as figural after-effects; Accord- 


ing to this view, the important variable involved in the effects of work is not the work 
itself, but the kinesthetic stimulation resulting from the work. 
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polated) learning task, although the amounts of these effects did not appear 
ated to the amount of original learning. Conspicuous amounts 


to be closely 1 
of retroactive inhibition were obtained during the early phases of relearning. 
McAllister and Lewis (1951) varied the amount of inter- 
Again, retroactive inhibition effects were obtained, amount 


In a second study 


polated learning. 
of inhibition being related to the number of trials of interpolated learning. 
Somewhat similar findings were reported by Lewis, Smith, and McAllister 
(1952) for the Two-Hand Coordinator situation. 

Despite these findings, and other like them, it would appear that the re- 
search on interference effects has not been productive of very much inter- 
ference. Except under very carefully arranged conditions, positive transfer 
appears to be much more likely to occur than negative transfer and, even 
when optimum conditions for the production of interference are arranged, 
the negative transfer effects seem to be somewhat weak, quite transitory, and 
quite apt to shift to facilitation in relearning. Sometimes, as in Duncan's 
(1 
tive transfer (on the b: 
yielded positive transfer, instead. Massive and persistent negative transfer 
effects do not seem to be obtainable, probably for the reason that the subject 


) experiment, conditions that might have been expected to vield nega- 
s of the analogy with verbal-learning situations) have 


is learning the same thing in the tasks that are supposed to interfere with 
each other. (Also, as has already been noted, the methodology of motor- 
learning experiments may be biased against the obtaining of interference 
effects) Those who favor an interference theory of forgetting can take some 
rather meager comfort in the fact that motor skills seem to be impervious to 


both interference and forgetting. 
A pair of correlational studies by Lewis, McAllister, and Bechtoldt (1953a, 


1953b) supports the notion that one of the reasons for the findings on inter- 
ference and transfer effects in motor-learning situations may be that the 


ne structure of skills in both original and inter- 


subjects are learning the 
polated practice sessions. Their findings would seem to be relevant to an 


observation made by Woodrow (1938a) to the effect that, if two practic 
a common factor in their gain scores, practice in one should 


situations have 
result in positive transfer to the other. |! 

А second approach to the problem of transfer represents an extension of 
work on the old whole-part problem. At the beginning of the period, Gagné 
and his associates performed a series of studies concerned with transfer from 
training on components to performance on the whole task. They also studied 
the effects of verbal and other kinds of pretraining upon the whole task per- 
formance (Gagné & Foster, 1949a,b,; Gagne, Baker, & Foster, 1950; Baker 
& Wylie, 1950). These investigations generally yielded positive transfer 
à the Gagné, Baker, and Foster experiment suggests that, at 


effects. Moreov 
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least as far as pretraining in stimulus discrimination is concerned, pretrain- 
ing on the more difficult of two useful discriminations produces the greatest 
amount of positive transfer. In a somewhat more advanced approach to the 
whole-part problem, rules concerning the combination of component ac- 
tivities in predicting performance on the whole activity have been sought. 
For example, following Ellson's (1947) demonstration of the practical. in- 
dependence of component performances on the Pedestal Sight Manipulation 
Test, E. A. Bilodeau and Bilodeau (1954) were able to predict total task means 
and variances for this test from the use of two components and, using the 
Stevens Pursuitmeter device, they were able to predict total task means and 
variances using three scores of component performance. In this study, and in 
the studies of E. A. Bilodeau (1955a, 19575), the rule of multiplicative pro- 
portions was found to hold approximately true, with the implication that the 
assumption of independence of component performances is supportable. The 
first of these studies also indicated that component performances can be in- 
dependently manipulated [as did the study by E. A. Bilodeau (1956a)], and 
that total performance, following the multiplicative rule, can be modified 
accordingly. There results the general hypothesis that, in any complex motor 
task in which two (or more) component responses must be made simulta- 
neously, total performance may be drastically improved by an increase in the 
proficiency of the subject on the poorer component, even though that increase 
may be at the expense of the better component? 

A third set of transfer problems revolved around the problem of transfer 
between tasks differing in difficulty. This is a vexing problem area, partly be- 
cause the dimension of difficulty is ill defined, partly because many of the 
studies have combined investigation of transfer effects along the difficulty 
dimension with study of the effects of other variables such as interference 
(Barch, 1953; Barch & Lewis, 1954), and partly because these difficulties have 
yielded contradictory results. The definition of a dimension of difficulty is 


А somewhat different kind of combination rule has also been proposed by E. A. 
Bilodeau (1957a) in connection with the prediction of performance in a two-handed 
tracking task from the performances on similar one-handed tasks. Here, prediction was 
made in terms of the one-handed scores weighted in terms of the contributions made 
by each hand to the total performance: 

Ug = at p (40% 

where (% and t; are the times for traversal using the right and left hands (measured 
separately) and a and (1 —a) represent the input proportions of the right and left hands 
on the total task. Bilodeau suggests that, with highly practiced subjects, “the time for 
two-hand performance is equal to the larger term of the equation since prediction can 
be made on the data from a single hand. Such subjects are said to be coordinated be- 
cause the time of the hand taking the shorter time is completely distributed over the 
time of the hand taking the longer time.” This work has been extended by E. A. Bilo- 
deau and Ryan (1961). 
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particularly trying since, in the last analysis, difficulty is a response-inferred 
concept thereby causing a certain amount of circularity of reasoning to be 
introduced into studies of response as a function of difficulty. In dealing with 
rates, for example, Baker, Wylie, and Gagné (1950) obtained more transfer 
from practice on a fast rate to performance on a slow one than under the 
arrangement. On the other hand, Ammons, Ammons, and Morgan 
r in working from slow to fast rates than they 
got in transferring from fast rates to slow ones. Finally, Lincoln and Smith 
(1951) found mixed results. In other dimensions of difficulty, the general find- 
ing seems to be that there is more transfer from a difficult task to an easy one 
than vice versa (Gagné et al., 1950; Gibbs, 1951; E. I. Jones & Bilodeau, 
1952; Andreas, Green, & Spragg, 1954; E. A. Bilodeau & Bilodeau, 1958), but 
many other studies have reported null results. The problem has been re- 


viewed by Day (1956), who summarizes the 
es likely to be encountered by those who work 


opposite 
(1956) obtained greater transfe 


findings and discusses some of 


the methodological difficulti 
in this area. 

During the third period, the 
‘Toward the end of the pe 
tended to turn away from tracking- 


problem of retention received a considerable 


amount of attention. riod, that is to say, in very 


recent times, studies of retention have 
type, time-on-target situations and the 
ctions that have 
influence of the kind of theoretical 
Underwood and Postman (1960) is 


concepts these situations use, and 


have shifted more in the dire: been taken by studies of reten- 


tion in verbal-learning situations. The 
work done by Underwood (1957) and 
beginning to be felt. 

A variety of studies of the ret 
ing the third era. For the early part o 
rated into two varieties: those conce 
g-up phenome 
factors of memory has emerged. 
pursuit rotor were conducted. These em- 
rvals ranging from 1 week (Jahnke, 1958) through 4 
1956) and 1 year (Bell, 1950; Eysenck, 1960), to 
1964). All studies showed high degrees 


ention of motor skills were conducted dur- 
f the period, these studies may be sepa- 
rned with retention, as such, and those 


concerned with the warmin non. Very recently, a third type of 
study that attempts to analyze the 

A number of studies using the 
ployed retention inte 
weeks (Jahnke & Duncan, 
2 years (Koonce, Chambliss, & Irion, е e 
of retention and rapid recovery of retention losses (i any) in А се и oth 
the Jahnke and Duncan study and the one by Koonce et al. revea ed that 
ht be observed after relatively long retention inter- 
spectively). Eysenck’s study was noteworthy for 
of prerest practice (fifty 15-minute sessions), 
ence owing to the fact that his 


reminiscence effects mig 
vals (4 weeks and 2 years, Te 
the fact that he gave a great deal 
which probably precluded obtaining 


е А feet scores 
sub ects were ap xroaching per fect scc Я р 
: ү 1 loss of about 10% in mean time-on-target score. 


reminisce 
by the end of initial practice. He 


found an average retentior 
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In other, generally more complicated, learning situations, a high degree 
of retention has also been demonstrated, although habits involving discrete 
motor responses seem to be less well remembered than habits involy ing cone 
tinuous responses (Adams & Hufford, 1962). Representative studies include 
those by E. I. Jones and Bilodeau (1953), Battig, Nagel, Voss, and Brogden 
(1957), and Ammons et al. (1958). Naylor and Briggs have reviewed the 
literature on long-term retention of learned skills (1961). 

The warming-up effect was not discovered as a phenomenon or born as a 
concept during the third period of our history. The effect had been noted in 
very early times, particularly in connection with work phenomena, and had 
been specifically linked to practice situations by Thorndike (191-4). In their 
study of the warming-up effect, Robinson and Heron (1924) defined it in the 
following terms: “Warming-up is a rise in efficiency which is steeper and 
more temporary than the rise which can be seen in, let us say, successive daily 
performances 


(p.81). Interest in the warming-up phenomenon in relation to 
problems of memory was restimulated during the third period by the em- 
phasis placed upon this concept by Ammons (1947a) and Irion 1948) 4 

Amount of warming-up as a function of the number of times the activity 
has been resumed can be studied in distribution-of-practice situations by 
comparing the postrest performance curves that follow successive periods of 
rest. If the results of Adams (1952) and Barch (1954) are considered together, 
it seems probable that the amount of the warming-up effect, as measured on 
such successive resumptions of practice, at first increases and then decreases. 
Warming-up as a function of length of interpolated rest can be studied in 
reminiscence experiments that vary length of rest. The results of Jahnke and 
Duncan (1956) and Koonce et al. (1964) suggest that, as length of rest in- 
creases, the magnitude of the warming-up effect at first increases and then 
decreases. 

Attempts either to influence the level of initial performance or to reduce 
the amount of warm-up decrement present in postrest performance by intro- 
ducing an independent warming-up activity have met with mixed success. 
Ammons (1951b) failed to obtain any indication of improved initial or post- 
rest rotor performance as a result of using any one of several kinds of pre- 
practice activities. Walker, DeSoto, and Shelly (1957) also report negative 
results. In this investigation, right-handed rotoring failed to serve as an 
effective warming-up activity for left-handed rotoring. On the other hand, 
Silver (1952) used the reversed alphabet task and found that postrest per- 
formance was facilitated by prerecall w 


arming-up. He found that amount of 


Much of the carly work on w 
The relationship between w 
Adams (196 1b). 


arming-up has been reviewed by Robinson (1934). 
arming-up and retention has been reviewed in detail by 
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Thorndike's (1911) statement of the law of effect. By the late 1930s, a con- 
siderable number of studies had been conducted which showed that knowl- 
edge of results was an effective variable: that little improvement occurred 
without knowledge of results, that the introduction of knowledge of results 
resulted in improvement, and that withdrawal of knowledge of results was 
followed by a deterioration of performance.” 

Most of the early studies of knowledge of results were concerned princi- 
pally with the effects of giving or withholding knowledge of results rather 
than with an analysis of the effects that could be produced by varying the 
nature of the administration of it. Also, the results of animal experimentation 
on reinforcement and the formulation of reinforcement theory by Hull (1943) 
exerted a strong influence on the general conception of the effects of knowl- 
edge of results. This is to say that there was a considerable tendency to 
accept the findings of animal research on problems of reinforcement as being 
applicable to the feedback problem in human verbal and motor learning. In 
rch and Hullian theory 


this instance, at least, the influence of animal res 
was unfortunate. 

A return to the study of knowledge of results in the contest of human 
learning was initiated by Brown (1949), who was working in the context of 
Hullian theory but whose analysis, in effect, achieved a rapprochement be- 
tween the views of Hull and the earlier conceptions of Thorndike. Brown's 
paper, which was a proposal for a program of research on knowledge of re- 
sults, exerted its influence principally through the researches of the Bilodeaus 
that are cited in the following paragraphs. 

A number of problems have been investigated in the field of knowledge 
of results. These include (1) delay of knowledge of results, (2) the effects of 
filling the delay period in such experiments in various ways, (3) the frequency 


" 


of knowledge of results, and (4) transformations of knowledge of results. 

п Representative studies from this period include Thorndike (1927), Lorge and 
Thorndike (1935), and Elwell and Grindley (1938), Thorndike (1931, 1932) summarized 
his theoretical position regarding knowledge of results and reviewed many of his 
experimental findings. 


2General summaries of portions of the work in these areas will be found in Wolfle 
(1951), Ammons (1956), Е. A. Bilodeau (1956b), E. A. Bilodeau and Bilodeau (1961), 
and Adams (1964). A related problem, not considered here, is the effect of distorted, 
diminished, or delaved feedback upon the performance of skillful acts that ar relatively 
continuous and that have already been acquired. Aside from such anticipations as Aris- 
totle’s illusion, the first work in this area would appear to have been done by Stratton 
(1896, 1897). The work of Fairbanks (1955), Bahrick (1957), and Chase and his collabo- 
rators (1961a,b) deserves to be mentioned. The most extensive and impressive recent 
work on this problem has been undertaken by Smith and his associates (sec Smith, 1961, 


1962; Smith & Smith, 1962; Smith et al., 1963, 1964). 
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In contrast to the findings concerning delay of reinforcement in animal 
studies, the general conclusion that can be reached concerning the effects of 
ults is that, within very wide limits, delay of knowl- 


delay of knowledge of re 
ffect upon the learning of discrete tasks provided 


edge of results has little e 
that the subject is not required to m 
ing the delay period. This conclusion is in general agreement with the classi- 
cal finding of Lorge and Thorndike (1935). Intervals of delay of from .25 
seconds (Noble & Alcock, 1958) through 1 week (Ryan & Bilodeau, 1962) to 
1962) have been used without obtaining im- 


ake other responses of the same class dur- 


t weeks (E. A. Bilodeau et al., 
pressive evidence for the degrading effects of delay (see also, E. A. Bilodeau 


& Bilodeau, 1958). It should be emphasized that these conclusions do not 
apply to continuous tracking tasks where delay or lag in informative feedback 
can have seriously disruptive effects upon learning and performance (Conk- 
lin, 1957, 1959; Garvey, Sweeney, & Birmingham, 1958). In the population of 
s, the experimental analog to the situation that applies in the case 
situation in which 
esponse sequences rather than for a partic- 
‘h situations, the subject is given knowl- 
on some specified, but not immediately 
it was used by Lorge and Thorndike 
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of continuous tasks is the 
Гога specific number of stimulus-r 
ular length of (unfilled) time. In suc 
erformance 
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edge of results for his p 
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ently by 1. McD. Bilodeau (1956). Under these circum- 
of performance and learning. 

equency of knowledge of results, 
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. Bilodeau (1956b) has 


discussed the essential aspects of this problem. Over a considerable range of 


varying target size in pursuit or tracking situations. 


target sizes, target size does not appear to affect learning. It should be noted 
that target size can be increased as well by transforming the subjects true 
score into a reported feedback that contains a good bit of latitude for response 
error as by increasing the physical size of the target button on a pursuit rotor. 
The latter procedure has the advantage that the recorded score and the re- 
ported score are not both affected by the "size" of the target—a factor that 
seems to account for all of the differences in performance of subjects using 
different sizes of physical targets. Using such transformations, it can be 
shown that drastic reductions or increases 11 the error reported as feedback 
can have a deleterious effect upon performance, with reduction having more 
effect than increase (if the subject is always informed that he “hit the target,” 
his performance fails to improve). For example, using the Manual Lever Test, 
E. A. Bilodeau (1954b) transformed true scores by making them 0, 2,4, 8. or 
16 units closer to the goal score than they actually were (in separate groups). 
and the 2, 


In this situation, the O group Was given its true score as feedback 


4, 8, and 16 groups worked with successively broader targets, The results in- 


dicated that the groups with the narrower targets learned more rapidly than 


the groups with the broader targets, In a second study, E. A. Bilodeau (1955b) 
compared transformations that reduced error by various amounts to trans- 
formations that increased error by the same amounts. Again, reduced error 
transformations resulted in poorer performance with the greater degrees of 
transformation. Transformations that reduced or increased error were арргох- 
imately equal in their effects with small transformations, but with the larger 
transformations, reduced error resulted in a considerably poorer performance 
than increased error.’ 

Linear transformations of knowledge of results have also been studied 
(E. A. Bilodeau, 1953), the general finding being that transformations that 
increasingly minimize error do not affect final performance but do, increas- 
ingly, degrade the rate of approach to the common asymptote, On the other 


hand, Noble and Broussard (1955) have shown that knowledge of results 


Such results can be expected only when the subject is given feedback that 
specifies degree and/or direction of error, Hf the subject is only told "hit" or “miss,” it 
would be expected that à U-shaped function would be obtained when amount of learn- 
ing is plotted against target width. With extremely small targets cof the invisible variets 
we are discussing), the subject would spend an inordinate amount of practice time 
locating them. With extremely broad targets, so much information would be lost in the 
feedback that it would cease to be "informative" feedback. Results that suggest sucha 
U-shaped function have been obtained by Battig, Nagel, and Brogden (1955), but in a 
bidimensional compensatory tracking situation that is so complicated as to make inter- 
pretation difficult. 
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transformed to inflate reported error has the effect of making the subject 
“overshoot” the target. This is followed by a rapid reapproach to zero error, 
but with some evidences of “hunting.” In this case, the variability of re- 
sponse early in practice is much larger for the transformation that inflates error 
than for the transformation that deflates error. 

It is evident that, in the case of many skill-learning tasks, knowledge of 
results is intrinsic to the task to a greater or lesser degree. In learning to shoot 
skeet, for example, or in learning to play the violin, the results of responding 
are fairly evident to the eve or to the ear. The clarity of the knowledge of 
results that is intrinsic to the learning task may be the variable that underlies 
some of the contradictory findings in the case of augmented feedback experi- 
ments. Where clarity is low, augmented feedback may become a “crutch” that 
with the result that performance deteriorates to 


benefits performance only, 
the level of nonaugmented training when the additional knowledge of results 
is withdrawn. In situations where intrinsic clarity is high, augmentation of 
knowledge of results may tend to benefit both learning and immediate per- 


formance. This, at least, would seem to be the conclusion that Adams (1964) 


draws from results obtained by Kinkade (1963), a conclusion that he uses to 
resolve the contradictory results obtained in a number of different training 
situations. Not to get drawn off into the argument concerning the use of red 
filters in the pedestal sight as a source of augmented feedback, it would still 
seem that the matter is not entirely settled owing to the unfortunate disparity 
ot resales obtained inthe pursuit-rotor situation. Briefly, Reynolds and Adams 
(1953) obtained permanent effects from usii i 
reinforcement”) while neither Archer and Namikas (1958) nor I. Мер, Bilo- 
deau and Rosenquist (1964) were able to demonstrate the beneficial effects of 
augmented feedback. While various ce А «2 
count for these differences in results (composition of the subject popula- 
m a click for augmented feedback purposes, 
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bound to occur with predictable frequency, but a source of error that is not 
suggested by the internal consistency of their data. For those who are un- 
willing to adopt the sampling-error assumption, a problem remains to be 
solved. 

Whatever the confusions and misinterpretations may be in the data or in 
the theory, there can be small doubt that knowledge of results is the single 
most important variable governing the acquisition of skillful habits. 

As far as the psychometric approach to the problem of skills is concerned, 
the third period started off with the workers in this area possessing a number 
of advantages over the workers of earlier periods. For one thing, an enormous 
amount of effort had been devoted during World War HI to the production of 
tests that measured psychomotor abilities or, at least, were predictive of 
various psychomotor performances. Although many of these tests had been 
developed as a result of a considerable amount of trial-and-error behavior on 
the part of the psychometric specialists, a goodly number of tests were de- 
veloped and the problem-solving type of behavior gave rise to new techniques 
for solving problems in the psychometric field. 

If we put aside the great number of more or less routine standardization 
and validation studies, one of the earliest problems to be attacked during the 
third period was the relative power of tests to predict psychomotor perform- 
ance early and late in practice. For example, Reynolds (1952) correlated a 
considerable number of test scores with performance on the Complex Co- 
ordinator at various stages of practice on the latter instrument. He found that 
the predictive value of the tests decreased as practice on the Complex Co- 
ordinator increased. This finding might suggest that later performance could 
better be predicted from early performance on the same task than by the use 
of “outside” tests were it not for the usual finding that initial scores become 
less and less predictive of final scores as amount of practice increases. Rey- 
nolds suggested that, as practice increased, the abilities demanded in per- 
formance might shift to those that were more specific to the particular task at 
hand. However, this hypothesis was not given much support by the findings 
of Adams (1953, 1957) or by the later findings of Parker and Fleishman (1961) 
which showed that selected outside tests, presumably those that measure 
abilities relevant to performance later in practice, were more predictive of 
final performances than were scores taken from the same task early in practice. 


In commenting on Adams’ (1953) findings, Fleishman and Hempel (1955) 
remarked: 


Moreover, the best predictors of advanced performance were measures 


of advanced performances on other psychomotor tasks. This would seem to 


indicate the presence of common factors at advanced stages of practice on 
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several tasks not held in common between these tasks earlier in practice.” 


(p.3-1 D: 


However, in fairness to the specificity hypothesis of Reynolds, it should be 
noted that Fleishman and Hempel (1954, 1955) found that the loadings of 
some task-specific factors (in the Complex Coordinator and the Discrimina- 
tion Reaction Time tests) increase with practice. 

From such findings, it would seem to follow that practice might be re- 
garded as resulting in a change in the pattern of abilities being employed in 
performance. Such an interpretation was made by Fleishman (1956) and by 
Fleishman and Hempel (1955). Whether the change in pattern is due to a 
relatively simple change in factor structure as suggested by Woodrow (1938b), 
a gain in complication of structure as suggested by the results obtained by 
Fleishman and Hempel (1955) or to a simplification as urged by M. B. Jones 
(1962), would seem to be a matter that awaits the accumulation of greater 
amounts of relevant data. Certainly, the simplicial model seems to be most 
congruent with the kinds of anecdotes that workers in the skills field have 
been telling each other about motor-learning behavior for many years. On the 
other hand, it might be possible that the basic nature of the change of factor 
structure that occurs with practice is dependent upon the nature of the learn- 
hat is not particularly pleasant to contemplate. 
ated to this problem should be mentioned in pass- 
ing. These investigations concern the fate under practice of groups that have 
been fractionated according to initial ability. Following the logic imposed by 
n trial one and subsequent trials (and the 


ing task—a possibility t 
A series of studies rel 


the decreasing correlation betwee 


notion that the patterning of a set of inde 
tematically changing as a function of practice), it has been assumed that such 


groups will converge as pre 


pendently variable abilities is sys- 


ictice. progresses. However, if x represents an 
actice and y represents his score late in practice 
n deviation form), then, according to a com- 
у= г(о;1 ох) х. If the value of r exhibits 


individual’s score early in pr 
(both x and y being expressed i 


mon form of the regression equation, 
ratio of er 
and the scores should converge. Although 


with practice in motor learn- 


stematic decrease, and if the emains constant, then y should, 
indeed, be less deviant than x 
usually variability shows a tendency to decrease 
ing (which would enhance the convergence effect), this need not always be 
the case. Should variability increase with practice, the ratio of с, will be- 
come increasingly larger than 1.00, which could compensate (or more than 
compensate) for the dropping value of r, thereby producing curves that were 


xwallel or divergent. me 
As far as the results are concerned, Adams (1957) found convergence but 
As far as the results à 


Reynolds and Adams (1954) obtained parallel curves under both massed and 


36 ARTHUR L. IRION 


distributed practice conditions while Zeaman and Kaufman (1955) obtained 
converging curves under massed trials and parallel curves under distributed 
trials. Although the data from the Reynolds and Adams (01954) study are not 
presented in such a form as to make a trial-by-trial comparison of variability 
possible (and although the evidence that is presented would not suggest a 
systematic increase in variability), it would appear to be almost necessary to 
assume such an increase in order to account for their parallel acquisition 
curves in the face of a falling coefficient of correlation. This is evidently what 
cama and 
Kaufman (1955) experiment. Their Figure 2 reveals that the fractionated 
groups improved in a parallel fashion, but their Figure 7 shows that, as the 


correlation between first trial score and later scores dropped, variability of 


happened in the case of the distributed practice condition of the 2 


the group increased. More work needs to be done on this problem with 
particular care being devoted to the method of fractionation and with means, 
standard deviations, and correlations being reported for the same data. 

Tn spite of the somewhat indeterminate results that have been obtained 
from ordinary fractionation experiments, the basic concept is considerably 
strengthened by the results obtained by Fleishman and Hempel (1955) show- 
ing that groups fractionated on the basis of different predictor variables con- 
verge or diverge under practice depending on the importance of the predictor 
variables carly and late in practice. Despite the methodological criticisms 
that have been made by Bechtoldt (1962), M. B. Jones (1962), and Adams 
(1964), the attractiveness of the basic conception remains. Fleishman and 
Hempel (1955) expressed this view in the following terms: “Performance at 
any stage of practice is determined by a set of cooperating but independently 
variable abilities. Continuation of practice on the task is rewarded as a change 
in the conditions under which these various abilities operate" (p. 311). Their 
interpretation is, of course, very similar to the conclusion reached by Wood- 


row (1938а) 


nearly 20 years earlier. If the intervening years have not advanced 
understanding greatly, they have given a much greater degree of empirical 


support to this kind of interpretation. Perhaps with the emergence of new 
approaches to the problem of correlation analysis (Guttman, 1954; М. B. 


Jones, 1959, 1960, 1962) new dimensions of understanding will also evolve. 


Re ; z З 
: Re ynolds and Adams (1954) interpret their parallel curves as being consistent 
with Hull’s (1943, 1945) assumption that individu 


1 al difference variables affect only the 
constants of a learning function. 


А : f Actually as Zeaman and Kaufman (1955) note, a varia- 
tion in Hull's (1943) rate-of-learning constant (i) leads to the 


: prediction that the eurves 
should diverge and then, 


: with continued practice, come together again (since M is 
independent of i). Zeaman and Kaufman inte 
their distributed practice condition by 
different levels of pre-experimentally 


rpret their parallel learning curves for 
assuming that individual differences result from 
produced conditioned inhibition. ol 
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А few closing remarks should be offered. The study of history does not 
appear to have had any very significant effect upon the work of the active in- 
vestigators in the field of motor skills. One does not gain the impression that 
very many research workers have spent long hours delving into the musty 
archives that contain the records of the past. From the recency of the refer- 
ences cited in the experimental literature, and from the generally linear 
progress that seems to have occurred in the various investigative fields, one 
draws the conclusion that a particular research finding is either assimilated 
into the body of working knowledge almost immediately, or is discarded with 
relative finality. While it is true that historical research seems to have flour- 
ished more in the past than at the present time, and while an occasional in- 


vestigator sometimes pauses even now to look over his shoulder at the past, 


is also fairly apparent that most contemporary experimenters are. preca 
iously balanced on the knife edge of the present and leaning toward the 


future and that historical treatments, such as the one offered here, are es- 


sentially anachronistic. 
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Human behavior is predictable. This inductive generalization is as widely 
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problem-solving abilities of infrahuman organisms. Hobbled by the limita- 
tions of naturalistic observation and the anecdotal method, however, carly 
comparative psychology failed to accomplish much of scientific value until 
the advent of Thorndike (1898). He applied the experimental method to 
animal trial-and-error learning via the puzzle box. Thorndike’s influential 
formulations of the empirical law of effect and the theory of connectionism 
(selecting and connecting) contributed significantly toward transforming 
classical association psychology into a genuine laboratory science. He ob- 
served that his hungry cats’ behavior on the initial trials was characterized 
by errorful groping and extended latencies until they chanced to trip the re- 
lease mechanisin which provided access to the lure. With successive rein- 
forcements the subjects’ errors and latencies gradually diminished; eventually 
they came to restrict their movements to the critical area of the apparatus 
and thereby selected the correct or adaptive responses more efficiently. 
Thorndike saw no necessity for assuming any ideational processes to ex- 
plain his cats’ behavior— nor did Guthrie (1952) with more elaborate instru- 
mentation — but those of a Gestalt turn of mind set about to design simpler 
problems which would permit animals to produce sudden (“insightful”) 
solutions (Hilgard, 1956). Subsequent investigators explored a variety of 
string-pulling, bar-pressing, key-pecking, stick-pushing, and latch-opening 
tasks, with rewards running the gamut from food to shock-avoidance to poker 
chips. Although the trial-and-error vs. insight issue (a subdivision of the 
continuity-noncontinuity issue) has still not been resolved to everyone's 
satisfaction, the work of Harlow (1959) on learning-set formation in primates 
has convincingly demonstrated that either gradual or sudden acquisition 


curves can be produced through the manipulation of transfer-of-training 
variables. 


YerKEs’ MurriPLE-CHOICE METHOD 


Thorndikean apparatus was designed only to reflect gross R, (time) meas- 
ures. No provision was made to record R, (frequency) scores or to isolate the 
varied behaviors of the subjects in puzzle boxes. It remained for Yerkes 
(1914) to contribute a more analytic technique by elaborating the animal 
quadruple-choice method of Hamilton (1911) into a generalized multiple- 
choice method for man. Originally developed for studying different species’ 
stereotyped reactions to insoluble problems, the Hamilton technique was 
modified by Yerkes to provide five new emphases: (1) R, scores in addition to 
В, scores, (2) acquisition of correct responses rather than extinction of 
erroneous responses, (3) variations in complexity, (4) soluble problems in- 
stead of insoluble problems, (5) wider interspecies applicability. For human 
subjects Yerkes’ (1921) apparatus contained 12 retractable keys, two or more 
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of which would be presented on a given trial (key setting). The subject's 
task was to avoid the incorrect keys (R—) and press the correct key (R+). Re- 
inforcing feedback was provided by a buzzer following each R+, and practice 
was continued until either mastery or some arbitrary proficiency criterion was 
s favored relational problems (e.g., middle key of five) whose 


reached. Yer 
elements were changed from trial to trial. He believed that their solutions 
entailed ideational or reasoning abilities based upon the “perception of a 
certain constant relation among a series of objects” (Yerkes, 1916, p. 10). 

A psychologist who called himself a Behaviorist (Yerkes, 1914) yet es- 
poused many Gestalt principles, Yerkes is perhaps best considered a Func- 


tionalist. He was clearly less interested in the multiple-choice method as a 


for discovering the laws of selective learning than in its utility 


reference tas 
for testing animal intelligence. Thus, he avoided studies of serial learning, 
retention, and transfer of training. Had he not been so reluctant to employ the 
Yerkes Box as a learning device he might have found, as I did (Noble, 19572), 
that it is a fairly reliable piece of apparatus when used in a deliberately un- 
conventional manner. This was achieved in our laboratory by defining 
settings as choice points instead of trials. We gave his most difficult problem 
(Yerkes, 1921, No. 10) to 100 college subjects using a commercial Yerkes Box 
(by Stoelting) where the solution was to alternate left and right of any middle 
k 
liability coefficient (corrected) of .85 was obtained for А, scores. 
Unfortunately, as compared with the fruitfulness of the classical-condition- 


. Presenting just four trials of 10 choices each, an odd-even-trials re- 


ing, maze-learning, operant-response, and discrimination-learning tech- 
niques, little data of any systematic importance had emerged from this 
method by the 1930s when learning theories came into vogue? The Yerkes 
Box was generally bypassed in favor of Kóhler's tool-using situations, Hunter's 
spatial and. temporal mazes, Maier's reasoning tasks, the Lashley jumping 


s, the Skinner Box, Spence's dis 


crimination problems, 


stand, Tolman's T maz 
the Mowrer-Miller Box, and Harlow's Wisconsin General Test Apparatus. 


Contemporary HUMAN APPARATUS 


In Fig. 1 are line drawings of the selective-learning devices most fre- 
quently cited in research reports of recent vintage. The paragraphs below 


2 To the end of his life Yerkes remained optimistic about the untapped resources of 
the multiple-choice method; he encouraged younger psychologists to exploit its poten- 
tialities (personal communication, 1954). My own emphasis upon measuring relative 
frequency of R+, i.e. empirical response probability (R,) scores, on the Selective Math- 
ometer (cf. Fig. 1), may be regarded as a further development of the Thorndike-Yerkes 


tradition, coupled with contemporary experimental and statistical methodology. How 
this technique can be integrated into theoretical psychology is taken up in the section 
on Theory of Selective Learning. 
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Fic. 1. Apparatus for research in human selective learning. 
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contain brief summaries of the functions and reliabilities of each apparatus. 
More detailed descriptions, wiring diagrams, etc. may be found in the original 
sources, 

Oldest of all apparatus for trial-and-error learning is probably the human 
maze. The great hedge-maze of Henry VIIIs Hampton Court Palace in 
England served as the prototype for the first rat maze of 1899. After several 
simplifications, the high-relief Finger Maze, designed by Walter R. Miles in 
1928, became the most popular human laboratory version (Woodworth & 
Schlosberg, 195-4). The blindfolded subject's task is to trace the pattern with 
his forefinger from start to goal as quickly as possible and with a minimum of 
errors. Proficiency is typically measured by R, and R, scores, employing the 
correction procedure. Three different forms (T, U, Y) and many lengths (10 to 
40 choice points) have been used, cognate varieties being "mental" (verbal), 
stylus, punchboard, and bolthead mazes. Since the latter two possess the 
virtue of allowing either the correction or the noncorrection procedure, extra 
feedback stimuli (usually auditory signals) have to be added to the tactile and 
kinesthetic cues normally present for reinforcement. Reliability coefficients 
of .927 and .955 have been reported for stylus and punchboard error scores, 
respectively (Hilgard, 1951); coefficients varying from .600 to .975 for dif- 
ferent methods and groups on Miles’ Finger Maze (Spence, 1932); and co- 
efficients of .772 for errors and .967 for speed scores on a semilinear multiple- 
T Finger Maze of the Warden type (Noble, Noble, & Alcock, 1958c). 

Next in seniority is the USAF Complex Coordinator, a World War II modi- 
fication of a cockpit-simulating apparatus designed by Neely C. Mashbum in 
1934 (Melton, 1947). The subject's task is to learn to align a pattern of red 
lights presented in three dimensions with a matching pattern of green lights. 
This is done by appropriate movements of the handstick (aileron, elevator) 
and footbar (rudder) controls. When the lights have been correctly matched 
for .5 second а new pattern appears automatically, conferring reinforcing 
feedback. A modified-correction method is the only one available. Proficiency: 
is typically measured by cumulating the subject's А, scores over a block of 
8-minute trials, although time per match has been used also. Reliability coeffi- 
cients range from .710 to .917 depending upon the correlation method, sample 
size, and stimulus patterns chosen (Melton, 1947; Noble, 1952a,b,c). 

Another World War II product ofthe USAF is the Discrimination Reaction 
Timer, designed by John T. Finan in 1942 (Melton, 1947). The subject's task 
is to learn to snap one of four toggle switches in response to the simultaneous 
onset of a pair of red and green signal lamps. The relative position of the red 
lamp with respect to the green determines which of the four switches is 
correct. A modified-correction procedure is the only one available. Rein- 
forcing feedback is provided by the offset of a white light. Proficiency is 


D4 CLYDE E. NOBLE 


typically measured by cumulating a subject’s R, scores over a trial block of 
20 3-second stimulus presentations, with an interblock interval of 40 seconds, 
Reliability coefficients vary from .870 to .930 (Melton, 1947). 

The Star Discrimeter was designed by Carl P. Duncan and Benton ji 
Underwood in 1950 under a contract with the USAF. The subject's task is to 
learn to respond to each of six colored lights emanating from the stimulus 
unit by moving the right-hand lever into one of six corresponding slots. The 
slots are arranged radially in the shape of an asterisk on the response unit, 
while the colors appear automatically in a continuous random sequence of 
red, orange, and yellow hues. The task is usually performed while executing 
a hand-steadiness action with the left hand, error information being delivered 
by earphones. The correction method is the only one available, reinforcing 
feedback occurring when a new light comes on. Proficiency is typically meas- 
ured by computing a subject's R, scores during a 20-second trial. Fixed inter- 
trial intervals of 10 seconds are conventional, but interblock intervals have 
varied from 1 to 3 minutes. Reliability coefficients range from 883 to .965 
(Duncan, 1953). The Iowa model (McAllister, 1953) omits the steadiness test. 

The Multiple Serial Discrimeter was designed by David A. Grant in 1951 
under a contract with the USAF. The subject's task is to learn to respond to 
two of eight red stimulus lights on a horizontal display by pressing the correct 
two of eight reaction keys on the control panel below. This matches up a pair 
of green lamps to provide reinforcing feedback. Two hands are employed by 
the subject, the left operating keys 1-4, the right operating keys 5-8. Any 
number of lights can be presented, and the light-key relationships may be 
scrambled. Either app: 


aratus pacing or self pacing is possible, but the latter 
(correction) method is most common. A trial consists of a presentation of two 
stimulus lights, which are grouped randomly in blocks of 25 with a l-minute 
rest between blocks. Proficiency is typically measured by computing В, 
scores per trial, but R— scores are also used. Reliability coefficients have not 
been reported (Morin & Crant, 1955). 

Тһе Selective Mathometer, designed by Clyde E. Noble in 1952 
fifth legacy of the USAF psychology program to the field of selective learning 
(Noble & Farese, 1955), and it is now fully automatic (Noble, Fuchs, & 
"Thompson, 1963). Figure 1 shows the present layout in the Georgia labora- 
tory. The subject’s task is to discover which one of 19 microswitch keys 
(numbered left to right) is to be pressed in response to each of a series of 
distinctive slides (e.g., circuit symbols) presented on the screen, The keys are 
arranged in a semicircle on the reac 


s the 


tion panel. Correction, modified-correc- 
are available, and there is separate control 
rstimulus interval, intertrial interval, and stimulus 
sequence. The reinforcing stimulus (5,) 
above Ње keyboard. Either se 


tion, and noncorrection methods 
of stimulus duration, inte 


is the onset of a green light centered 


rial or terminal S, is delivered automatically, 
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together with independent variation of delay, duration, and periodicity. АП 
corder. Pro- 


events are recorded by counters and by a continuous graphic r 
ficiency is typically measured by computing a subject's R, scores over a trial 
of 10 different 2 
used also. The interstimulus and intertrial intervals are usually 2 seconds and 
8 seconds, respectively. Reliability coefficients range from .938 to .989, vary- 


second stimulus presentations, although В, scores have been 


ing with type of score, training method, and task complexity (Noble, 1957a, 
1965a; Noble et al., 1958c). 

The foregoing does not exhaust the list of selective-leaming apparatus. 
Other devices with commendable features are those designed by Adams 
(1954a,b,c), Barch (19601), Besnard, Briggs, Mursch, & Walker (1955), Bilo- 
deau (1953), Birch (1964), Mandler (1954), Seibel (1962), Seward, Dill, & 
Holland (1944), and Spiker and Holton (1958). In addition there are dis- 
crimination-learning tasks and double-bar Skinner Boxes of varied design. 


VerBAL-Expecration Tasks 

One might wonder why I have not included some of the apparatus used in 
symmetrical-choice experiments of the Humphreys (1939) type. These have 
called "verbal expectation," "event prediction,” "verbal 


riously been 
UO “light guessing," “probability discrimination," and "proba- 


vi 


conditioning, 
bility learning” studies. Subjects are required to “guess” (predict, anticipate) 
which of two alternative events, randomly varying in predetermined relative 
frequencies, will occur on a given trial. It happens that their choices are often 
more in accord with the actual proportions of occurrence than with a simple 
accuracy-maximizing rule (e.g., always predict the more frequently occurring 
event). This phenomenon (called “probability matching”), together with 
other characteristics, has encouraged the development of several ingenious 
statistical or stochastic learning models (Bush & Estes, 1959; Bush & Mostel- 
ler, 1955; Estes, 1959, 1962, 1964; Restle, 1961). 

Despite the importance of verbal-expectation research for the testing of 
mathematical models, I am not convinced that it represents an instance of 
selective learning. It is at least an exotic kind of learning situation to mani- 
fest the following half-dozen anomalies: (1) R, scores in acquisition and ex- 
tinction which are unaffected by intertrial intervals varying from 5 seconds to 
40 seconds (Grant, Hornseth, & Hake, 1950); (2) R, scores which are inde- 
pendent of practice and uncorrelated with R, scores (Gerjuoy, Gerjuoy, & 
Mathias, 1964); (3) acquisition rates which do not depend on initial conditions 
or schedules of reinforcement (Estes & Straughan, 1954); (4) equivocal effects 
on performance when amount of reward is varied (Bush & Mosteller, 1955; 
Estes, 1962); (5) failure of probability matching when “guessing” is made 
secondary to motor skill (Wyckoff & Sidowski, 1955); (6) occurrence of proba- 
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bility matching for several hundred trials; but no evidence beyond that up to 
1000 trials (Edwards, 1961). 

Furthermore, there are certain aspects of the theoretical models which 
pose difficulties in applying them to traditional classical or instrumental con- 
ditioning situations. These include an adherence to the Markovian assump- 
tions of path independence and constant transitional probabilities (Bower, 
1959; Bush & Mosteller, 1955; Estes, 1959); an insensitivity to memory and 
transfer effects in two-choice noncontingent schedules (Anderson, 1960, 
1964); an apparent insouciance with respect to individual differences (Restle, 
1961); and a failure to predict inflection points below R, „50 in condition- 
ing and selective-learning experiments. Even data from the Humphreys task 
itself are not always predictable from the regnant models (Estes, 1964; Witte, 
1964). This combination of experimental and theoretical eccentricities has 
produced in some psychologists feclings of diffidence about the implications 
of verbal-expectation research (Anderson. & Grant, 1957; Anderson, 1964: 
Hake, Grant, & Hornseth, 1951; Kendler, 1959; Spence, 1960; Underwood, 
1953). 

My fundamental objection is that selective-learning tasks are typically 
situations where only опе Re is reinforced 100% of the time in the presence 
of a particular S. In mathometry we never divide the reinforcement within a 
trial between Bs for a given stimulus, as in the Humphreys task. It is truc that 
in habit-reversal investigations we alternate reinforcement, but the partiality 
of the reinforcement is between blocks, not within blocks. The verbal- 
expectation experiment is one in which successive acquisition and extinction 
processes are produced by means of a random pattern of partial reinforcement. 
Of course, the selective-learning situation becomes a verbal-expectation task 
if the stimuli are not diseriminable from one choice point to the next. Per- 
haps it is instructive to regard verbal-expectation learning as the limiting case 
at the transition between discrimination learning and concept formation. 

A growing conviction among the younger math-modeleers (being privately 
voiced more frequently today) is that statistical learning theories seem to be 
too simplified for the tasks the subjects are required to perform, and that some 
of the reference experiments have generated empirical phenomena which 
may be atypical. Because T believe that the laws and theories of selective 
learning ought to be continuous with those of classical and instrumental con- 
ditioning (besides showing a high degree of internal consistency), E shall not 
attempt to subsume data from verbal-expectation tasks. under the present 


rubric. 


DESCRIPTIVE ANALYSIS OF SELECTIVE LEARNING 


By a selective-learning task I refer to any multiple-choice situation in 


which an organism acquires the ability (1) to make a Joint selection from the 
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relevant stimuli present and from its own repertoire of available discrete 
responses, (2) to form the necessary associative connections between the 
stimuli and responses required by the task, and (3) to link these S-R pairs 
together in a coordinated behavior sequence. The emphasis is upon cuing, 
pairing, and chaining rather than upon the development of fine perceptual 
discriminations or precision motor skills. Selective-learning tasks, in short, 


deemphasize perceptual learning as well as response learning. Rarely does 


selective learning require gradations in amplitude, force, or timing of action 
as do the classical perceptual-motor skill devices employed for research in 
tracking, dexterity, and compensatory pursuit (Adams, 1964; Bilodeau & 
Bilodeau, 1961; Fitts, 196-4). 

Of course, not all selective-learning tasks are factorially pure in this re- 
spect, but the devices picture in Fig. 1 are representative of my present 
emphasis. Fitting the criteria best, I believe, are the Multiple Serial Dis- 
crimeter (MSD) and the Selective Mathometer (SM). The Discrimination 
Reaction Timer (DRT) is weighted somewhat heavily on the perceptual side 
(Fleishman & Hempel, 1955), just as the Complex Coordinator (CC) leans 
toward the motor side (Fleishman & Hempel, 1954; Noble, 1952e, 19531). 
The Finger Maze (FM) and the Star Discrimeter (SD) fall somewhere in be- 
tween, to the left and right, respectively. Thus, the perceptual-motor continu- 


um of my mind’s eve has the approximate order sketched below: 


DRT FM MSD SM SD [o0 
Perceptual Selective learning Motor 
emphasis emphasis emphasis 


There are four basic elements in selective-learning situations (Spence, 
1956): a motivated organism, a multiple-choice stimulus situation in the ex- 
ternal environment, the organism’s initial repertoire of discrete responses, 
and the subsequent physical events together with their after-effects which are 
relevant to the organism's motivational state. In Fig. 2 is a diagram of a simple 
selective-learning problem in which all of the dominant responses(R,, Ro, Ry) 
are irrelevant or incorrect (R—). The percentage values above the arrows de- 
note reaction tendencies of different relative initial strengths. Arbitrarily 1 
have designated the last response (R,) as the correct one (R+); i.e., the first- 
to-be-learned pair is S, ===> R, This paradigm illustrates the fact that 
organisms do not enter upon multiple-choice situations behaving in a "blind" 
or "random" fashion, but rather they arrive with a hierarchy of systematic 
response tendencies which, on the basis of hereditary or acquired factors, are 
ited with the task designed by the experimenter 


more likely to be uncorr 
than to be correlated positively or negatively (Hull; 1930, 1952). Thus it 
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simple (nonserial) selective learning situation, 


comes about that the subject’s initial habit hierarchy must be reorganized if 
he is to solve the problem. Selective learning is this reorganization. 

By the law of effect and the S-R reinforcement theory, the probability, 
speed, and amplitude of R+ will be strengthened because the goal object (G) 
which follows it reinforces the habit connection. In the 


case of human sub- 
jects pressing buttons for green lights (cf. Fig. I) the 


reinforcers are secondary; 
or, if you prefer, the feedback signals are informative. At any rate, learning is 
complete when errors (R—) are eliminated and correct responses (R+) occur 
promptly on every trial. For convenience and faute de mieux, | shall continue 
to refer to the class of goal events (mostly green lights) by the symbol S, 
After description, explanation. In the next section we undertake a theoreti- 
cal analysis of multiple-choice phenomena. 


Theory of Selective Learning 
Rore or Turory 


It is sometimes nece 


sary to remind ourselves that a psychological theory 
is not intended to describe the structure of 
it is designed to provide a model—a schematic, hypothetical organism = 
whose functions are analogous to those of real organisms. A theory’s chiefaim 
is thus to explain and predict a large number of phenomena with a small 
number of assumptions. Obviously, then, theoretical models are not supposed 
to be mere collections of empirical facts. They are broad conceptual para- 
arrange facts into meaningful patterns. The 


any particular living being. Rather, 


digms which permit scientists to 


SELECTIVE LEARNING oT 


principal criteria of a valid theory are two in number: (1) it must provide the 
known facts, and (2) it 


basis of interpreting or understanding inductively 
should aid deductively in the discovery of new facts. Whether a theory is 
statistical, topological, mechanical, chemical, or neural is beside the point. 
What matter: 

Roughly intermediate in complexity between classical conditioning and 


is that it have the capability of explanation and prediction. 


perceptual-motor skill acquisition, selective learning presents formidable 
theoretical obstacles because of the multiplicity of events occurring, the in- 
adequacy of experimental control over the relevant variables, and, as we shall 
R-, and R, score 
s like the Selective Mathometer 


are record ed con- 


see, some mathematical quirks. When R+ 
currently in analytic multiple-choice tas 
(cf. Fig. 1), it is clear that several different processes are going on at about the 
same time: (1) strengthening of R+ through reinforcement, (2) weakening of 
sional recovery of an extinguished R— 


R= through nonreinforcement, (3) ос 
with time, (4) generalization of approach from R+ to R, (5) generalization of 
avoidance from R to R+. The isolation and explanation of these processes 
require clever experimental design combined with ingenious quantitative 


theorizing via intervening variables. 


SprENck THEORY 

Низ (1930) grand strategy was to construct a theory of complex learning by build- 
ing upon the foundation of simple principles discovered in classical and instrumental 
conditioning experiments. Once the foundation was laid (Hull, 1943) he planned to re- 
turn to his earlier interest in selective learning. In his last work Hull (1952) distinguished 
between problems of response selection (trial-and-error learning) and problems of 
stimulus selection (discrimination learning). Using the multiple-T Finger Maze as 
illustration, trial-and-error learning would be required if the subject must respond in- 
variably to the same side of the T (disregarding the width of the maze's two arms), 
whereas discrimination learning would be required if consistent response must be made 
to the wider arm (avoiding the narrow arm) regardless of position. Hull further differ- 
entiated between simple (single choice point) and compound (serial choice point) 
selective-learning situations. Finally, when multiple stimuli are combined with com- 
peting responses in the same task, he suggested that we speak of mixed selective learn- 
ing. In view of the fact that most of the tasks considered in this chapter involve the 
development of adaptive behavior in making all-or-none choices among discrete 
alternatives on both the S and R sides, it is rarely necessary to use the qualifier. For my 
purpose the term selective learning nicely emphasizes the Darwinian as well as the 


Tue Huu 


an 


probabilistic connotations. 

Spence (1960, pp. 366-392) h ntly reviewed several theoretical paradigms of 
selective learning favored by Hullians, including competing-S and competing-R models 
of spatial selective learning, S-type and R-type models of nonspatial selective learn- 
ing, and compound S-R models for each.? The continuity principle is assumed to hold 


? Spence's classification into spatial and nonspatial selective-learning apparatus 
for animals is similar to Hull's given above; e.g., the dual-lever Skinner Box is a re- 
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for all six paradigms. As an illustration of Spence’s approach let us consider his S-R 
model for spatial selective (trial-and-error) learning. For reference, imagine a two-key 
task on the Selective Mathometer in Fig. 1 (cf. Spence, 1960, p. 380). 

At the choice point (S.) the subject may respond either with a left-orienting (г) or 
with a right-orienting (rj) receptor act, thus fixating and receiving exteroceptive stimu- 
lation from the visual discriminanda on the left (S;;) or on the right (S. „ in addition to 
differential kinesthetic stimuli (s4; or р). IF we assume that these orienting responses 
are mutually exclusive (incompatible), the probability of the occurrence of one or the 
other depends theoretically upon the difference between their reaction tendencies (E), 
modified by the Spencean postulates regarding the reaction limen (1) and oscillatory 
inhibition (1,).4 The concept of momentary reaction tendency (È? is defined by the re- 
lation E = E = L, where L is a normally distributed decremental quantity varying ran- 
domly in magnitude over time. Momentary suprathreshold reaction tendency (È, ) 
is specified in turn by the relation Ё, È 


L, where L is a hypothetical minimum 
value of E necessary to produce a response, Now, as the number of trials (N) on which 
the correct orienting response (rą) gets reinforced (S,) is increased indefinitely, the 
difference between the E, values ofr, and г, becomes progressively greater, therc- 
by raising the probability P, of rj (and lowering the probability Р, of rj) at that choice 
point. The latter inverse relationship follows from the fact that P, +P, 1.00. 

Similarly, the probabilities Ру and P; depend on the extent to which the Ё values 


of their respective joint conditioned stimuli (Sij © Spp VS: Sy) + Sg) are suprathreshold 


as well as upon the difference between the two Ё values. Assuming that the two I, dis- 
tributions are uncorrelated, have equal standard deviations (67,), and are constant over 


trials, conventional statistical tests of significance may be employed to compute the 
probabilities from the critical ratio formula ER 


› Evia, that the response of greater 
E will occur on successive trials. [fall four E values were known, then on a given trial 
Spence would predict the probability that the subject will complete the response se- 
quence leading to an R+ by the equation 


P,(1 — P4P4) 
R,= 
OPS PPP) cy 


A mathematical impasse arises at this point because in principle it is impossible 


to proceed deductively through the definitions of È and È, ; directly to R, scores in 


Eq. (1) if sizable proportions of the two pairs of È distributions are subthreshold during 
the early trials. The necessity of evaluating double normal probability integrals can, 


however, be avoided by an iterative (approximation) technique which uses tabled 
values of the cumulative normal curve and deals only with the values of the final 


approach responses (Spence, 1956). As a matter of fact, even in the case of a single 


sponse ati: Teck Ui hi ; ; 
р nse (spatial) selection device while the Lashley jumping stand is a stimulus (non- 
spatial) selection device. 


* Brief accounts of the derivation of R, scores as 
Hull (1943, 1952) and Spence (1956, 1960). I 
putational example. For simplicity, 
may dispense with the 
tive is constant. 


a function of N were given by 
eis (1960) has provided a detailed com- 
I have omitted consideration of 1, and K; hence we 
concept of effective reaction tendency E and assume that incen- 
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dominant reaction tendency, such as would arise in a classical conditioning experi- 
ment, a deductive barrier is encountered. Let me demonstrate. 


Given E= D Hand substituting H = My (1 — e ^), we have 


E = D[M,(1 — e (2) 


Since È, x È = L, it follows from the oscillatory inhibition principle that R, is pro- 
portional to an integrated Gaussian probability function of the quantity EY ,70; thus 


by the calculus 


e ds (3) 


ation of the I, scale, and where the lower limit of integration is 


where z = x/o transfor 
al with truncated distributions extending from the 


taken for convenience in order to de. 
| Unfortunately, the distribution function postulated for 1, by Spence’s 
ed to provide a simple equation in closed form for various 
лег have to 


mean of [, 2 
theory cannot be inte: 
values of Ё as N increases without bound. Consequently, one would e 
ed equation of the polynomial type (e.g, the Taylor series expan- 


derive an open-end 
sion)® or be content with a numerical approximation. Both Hull (1952) and Spence 


ative, presumably because of the nonrational nature of 


(1956) chose the second alte | 
the first alternative and the comparative ease of handling the normal curve tables. 


Ам APPROXIMATION FORMULA 


s of choosing a descriptive 


A third alternative is available. This consi 
equation whose form and parameters can be rationalized and thereby coor- 
dinated with the theory. To be satisfactory the candidate selected should con- 
form to most of the following desiderata: it should (1) bear close similarity to 
the numerical approximation of Eq. (3), (2) provide an excellent statistical fit 
to empirical R, data from conditioning and selective-learning experiments, 
(3) ex 
(5) be capable of at least some parameter-free (pre-experimental) predictions 
consistent with the theory, and (6) be amenable to rapid curve-fitting 


st m closed form, (4) have fewer total parameters than Eqs. (2) and (3), 


techniques. 
ing all six criteria is the complex growth curve orig- 


An equation satish 
inated by Gompertz (1825) and elaborated by Courtis (1932), which I have 


adopted (Noble, 1954, 1957a,b) with the following psychological rationale: 


‚+ kN" contains 


5 For 


xainple, the power series Rp = ko t kN + N № + 


linear, quadratic, cubic, ete. components up to the nth power if neces 
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R. = ali), en 


where R, = probability of correct choice based on the pooled responses ofa 
group of subjects, varying from .00 to 1.00; а = asymptote or limit of R. 
theoretically dependent on feedback (S,) factors and possibly age (O,), sex 
(O, and capacity (O,); i= initial probability of R+ at outset of learning, given 
empirically by the reciprocal of the number of available independent and 
mutually exclusive responses and theoretically related to complexity (S.) and 
transfer (S,) factors; r= rate parameter calculated by curve-fitting methods, 
theoretically governed by feedback factors (5), complexity (S.), transfer 
(Sj), work distribution (S,), aptitude (0%, and possibly age (0%, sex (O), 
and motivation (Ош; N = number of practice trials providing differential rein- 
forcement by correction, noncorrection, or modified-correction procedures. 

Equation (4) specifies the dependent variable (В) as a double exponen- 
tial function of the major independent variable (М); its three parameters 
govern the asymptote (a), origin (i), and rate of change (r). With respect to 
a, if a given problem is soluble then R, will approach 1.00 as a function of 
successive reinforced trials. With respect to i, when no practice has been 
given, № = 0. Therefore, since * = т = 1.00, the R, value at Trial 0 = a(i) = i, 
which is the probability of an R+ occurring belke the first choice point of 
Trial 1. For simplicity, I have disregarded the effects of transfer and position 
preferences. The former are expected to affect r, while the influence of the 
latter on i is minimized by statistical counterbalancing of the possible re- 
sponse permutations (Noble, 1955, 1957a). By systematic variation of four 


stimulus variables (S,, So Sp S,) and four organismic parameters (Ош, Oy. 


О», О,), holding constant the values of a and i, it should be possible to ra- 
tionalize r by thus anchoring it to selected S and O factors. 

In general, the curve of Eq. (4) exhibits a positive slope, is asymmetrical 
and sigmoidal, and has an inflection point (for soluble problems) at the ordi- 
nate lle = 1/(2.718) = .368. So if i < :368, and if i and r vary between 0 and 1, 
it can be shown that the curve inflects atan abscissa value of N > 0. By setting 


the second derivative of Eq. (4) equal to zero and solving for N, we have 


log. (Clog, i) 


N 
N log, r (5) 
hence 
„Jog. Cog, i) 
log, r= Весов (6) 


Courtis (1932, р. 89) pointed out that a log-log transformation of the depend- 
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ent variable is rectilinear over time (№ in our case), implying that the per- 
centage of “growth” (R, in our case) increases to equal powers of itself in 


equal time periods ("isochrons"). He also worked out a molar theory which 


is remarkably similar to Hull’s, even to the extent of incorporating postulates 
for variance and threshold. Later, a molecular derivation of Eq. (4) in terms 
of cellular growth was proposed by Shock and Morales (1942). 

Equation (6) provides a convenient estimation formula for obtaining r 
(Noble, 1957c¢). Consider a typical experiment in which subjects are prac- 
ticing on the Selective Mathometer with three or more keys available. Nor- 
mally they are either trained to a mastery criterion (five successive perfect 
trials), ora constant-trials design is used in which thereare rational grounds for 
assuming а = 1.00. A free-hand curve is first drawn among the resulting data 
points from i up to А, = .50. Next, from the intersection of the fitted segment 
with an extended ordinate line at А, = .368, a perpendicular is dropped to 
the abscissa. This Мы value is substituted in Eq. (6), which is then solved 
for т by taking the antilogarithm of the right-hand expression. Successive 
solutions of Eq. (4) will generate a set of theoretical (expected) response 


probabilities (В) which may then be compared with the empirical (observed) 
R, values for goodness of fit. By repeating the above procedure for selected 
values of he (rounded to three decimal places), each time calculating the 
variance of the residual or vertical deviations (o2, = IIR, — NR. /n), a least- 
squares solution may be obtained by minimizing oe. This method avoids the 
reduction. procedure (Courtis, 1932; Lewis, 1960) which requires 


linear 
double logarithms, is more laborious, and gives a best fit only to the trans- 


formed data. 
Finally, a goodness-of-fit index (F), expre 
ctlv from the тї value and the observed variance of the R; 


sed in percentage terms, is 


computed dir 
scores (Oe by the formula 


Е= 100 [1 = Sal (7) 


obs 


With Eq. (7), which is analogous to the coefficient of determination in linear 
regression, we may specify the percentage of variance in the dependent 
variable (R/) accounted for by Eq. (4); i.e., F measures the precision with 
which R, can be predicted from N when a, i, and rare constant. 

In the case of experiments involving less than three choices or, more 
generally, when i 7 le, the curve is negatively accelerated throughout. The 
fact that data from two-choice situations (e.g., most discrimination-learning 
tasks) rarely manifest an inflection point can, therefore, be nicely repre- 


64 CLYDE E. NOBLE 


{00 — 
| 

0 — 
— 80 
a | 
= 
алаг 
з | 
$ sor 
E 
а 80 Dota from Lewis (1960) 
e | N 
8. aol Rp = 100(017) 7*8 
g 
a 


30 Fit=9993% 


Е зер аша ey ey 
паат тестте Sie ЕКЛЖЕЖЗ Sa ES 


Ordinal number of trials (N) 


00 
90 
A 80r 
с Case | Case IV 
> 70 Fit=99.70% Fit= 99.60% 
8 sop 
8 
& sop 
2 Data from Hull (1952) 
5 40r 
2 | 660" 
& .30- Rp, = 100(500) 
m N 
20 Ry = 1.00(.017)79 
40r m 
oor 
— — 1 


Ер Е са 4574 
XUL Шер Та; жр ЛУ Walaa IB TE TE 


Ordinal number of trials (N) 


Fic. 3. Theoretical and empirical curves of response probability (R,) as a function 
of number of trials (N 


), all fitted by Eq. (4). The two upper graphs are for conditioned- 


SELECTIVE LEARNING 65 


100r 
0 — 
80 * 
E 70> 
= 60° Data from Brogden (1949) 
a 
8 
8 50- " 
& Rp = .00(058)99" 
8 40- 
5 Fit 299.98 % 
& sor 
20 — 
BEOS * 
1 1 EN NUT: FEE 
00 — П БОКСУ САП 6 à * B 39 i1 Wd i 


Successive blocks of 20 triols (N) 


Еи 299.60 % 
60 — 


50 — 


Data from Noble (1955) 


Response probability (Rp) 


30r ў 
Rp, = 1.000.25)785 
20- 3 " 
.903 
10 Rpg 00.00 
oo. L 1 | | 
0 10 20 30 40 


Ordinal number of trials (N) 


response learning (after Lewis, 1960; Brogden, 1949). The two lower graphs are for 
selective learning (after Hull, 1952; Noble, 1955). Open circles denote rational origins. 
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Disagreeing with Peterson's interpretation, especially with its implica- 
tions for Guthrie's (1952) recency principle, Voeks (1948) reanalyzed his 
data to find (1) that 68.4% of his 4518 recency predictions were correct, and 
9% 
of the next trials, as opposed to 63.9% repetitions of R choices. Voeks pro- 


(2) that when the last response of a trial was an Rẹ it was repeated on 7 


ceeded to perform three experiments as a more adequate test of the Guthrian 
hypothesis (now renamed. postremity). For her first experiment (Exp. D 
Voeks used a two-choice 18-unit Finger Maze of the type shown in Fig. 1. 
College students were run to mastery (three perfect trials) by the correction 
procedure. She reported 88.74% correct predictions via postremity. In Exp. 
П а two-choice 30-unit punchboard stylus maze and the noncorrection 
method were employed, resulting in $2.30% correct postremity predictions. 
This procedure was repeated in Exp. HI with a threaded stylus, the pos- 
tremity outcome being 33.05%. Since all three experiments involved. two- 
69% is 34.69% 
ysis of frequency pre- 
dictions, but she said that about 71% of her predictions were correct by pos- 
tremity even when opposed by frequency, although this conflict reduced 
postremity’s accuracy. Curiously, there was no analysis of the reinforcement 


factor. With respect to R+ vs. R— scores she asserted: “by the present hypoth- 


choice tasks, the mean prediction index for 57 subjects of 


better than chance. Voeks presented no separate 


esis, postremity is neutral, having no differential effect on the correct and in- 
correct responses” (Voeks, 1948, p. 497). 

A third investigation of this problem (Waters & Reitz, 1950) used a two- 
choice 15-unit Finger Maze on which 20 subje 


cts were each given 15 trials by 
the noncorrection procedure. Half of the group received a changing stimulus 
situation from Trials 11 through 15 to sce whether postremity predictions 
would be adversely affected, Waters and Reitz reported 


an average postremity 
score of 70% correct predictions based on 


4200 responses. This figure, 20% 
over chance, is doubtless smaller than Voeks? 
were not carried to mastery 
experiment, however, 


margin because the subjects 
A more interesting aspect of the Waters—Reitz 
is their trial-by-trial analysis. Since the constant and 
variable groups were not significantly differe 
embarrassing result for the ‹ 


nt on the last five trials (an 
ruthrie-Voeks viewpoint), they may be com- 
bined. When I did this I found that the percent 


age of correct predictions in- 
creased with stage of practice, 


rising from 53% on Trial 2 to 80% on Trial 
erson-Voeks criterion of three perfect trials in 
a row, it is obvious that postre 


15. Extrapolating to the Pet 


mity would eventually predict with 100% accu- 
carried far enough. Like Voeks, and Peterson carlier, 
itz made no analysis of reinforce 
more extensive comp 


racy if practice were 
Waters and Re ment predictions. Clearly, 
arative data of a detailed nature are needed; 


“Overall and Brown have offered cogent arguments and facts in support of multi- 
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In an effort to contribute information toward this objective, I have reported 
two theoretical studies on the Selective Mathometer (Noble, 1962, 1965b) 
which evaluate the relative efficacy of the postremity, frequency, and rein- 
forcement principles under correction, noncorrection, and modified-correc- 
tion procedures. The first study (Noble, 1962) used data collected from 100 
subjects performing on standard. 10-choice I0-unit Mathometer problems for 
20 trials (Noble, Alcock, & Noble, 1958b). Half the subjects practiced by the 
modified-correction method (permitting alternative corrective responses, 
but only for the 2-second duration of a slide); the remaining 50 practiced 
by the noncorrection method (requiring one and only one response per slide). 
Both groups were experimenter paced. From the graphic records of 20,000 
choice points, individual pushbutton behavior was analyzed under the two 
S. conditions. Extending and improving the scoring method developed by 
Vocks, E made three independent predictions for each subject's first response 
(R) at each choice point beginning with Trial 2. The three predictions were 
based on the following specific hypotheses derived from classical associa- 


tion theory. 


1. Postremity: the | 
yr RE) on the immediately preceding trial is predicted, 


ast nominal (numbered) R occurring at a given choice 


point (whether Re 
regardless of consequences (after-effects, feedback, ete.), a prediction being 
made at every choice point. 

2. Frequency: the nominal R occurring most often ata given choice point 
(whether R+ or R-) on all preceding trials is predicted provided R, > .50, 
ig made if the frequencies are equal. 


no predictions Бей 
nominal R most frequently reinforced by the green 


3. Reinforcement: the 
light (S,) at a given choice 
R, > .50, no predictions being mad 
equal. 

To be as fair as possible 


adopted in advance of scoring. 
(unreinforced) corrects were ignored; in frequency 


oth late R+ and late R choices were counted. 


point on all preceding trials is predicted provided 


e if the frequencies of reinforcement are 


to the three contenders, а few ground rules were 


For reinforcement predictions, late errors 


were counted but late 
and postremity predictions, b 
All double Rs were scored as singles, but no intertrial Rs were scored. Omis- 
sions were counted as disagre 
overt R. 


ements only if the hypothesis predicted an 


Is of the postremity-frequency type (1957) and the cognitive- 


factor theoretical mode £ i : 1 
their papers deal primarily with the behavior of a-mazed 


postremity type (1960). Since n : 
miltonian insoluble problems, I shall refrain from discussing them 


their contention that subjects "will follow the 
e desired goal" (Overall & Brown, 1960, p. 


rats faced with Ha 
here. It is interesting, however, to note 


is which most recently led to th 


hypothe: Overal Bn 
wpoint represents a hs bridization of Tolman (1932), 


191; italics added). This eclectic vie 
Guthrie (1952), and Hull (1943). 
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under three methods of practice as functions of stage of practice 


Noble, 1965b). 


remity hypothe 
(after Noble, 1962; 
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The percentage of agreement between prediction and fact was then tas 
puted for cach hypothesis by subjects and by trials, with the results rey 
in Fig. 4. Note that the ordinate scales display the рениш not of su | 
jects but of hypotheses. Looking first at the modified-correction тео 
tipper left graph), we see that reinforcement predictions теши ч 
superior to predictions by frequency or postremity, the latter being definite N 
inferior to frequency. Looking next at the noncorrection method (upper right 
graph), an even greater superiority of the reinforcement hypothesis is . 
dent. Although frequency is still ahead of postremity, its margin of superiority 
is less. | 

My second study (Noble, 19651) used data collected from 192 subjects 
performing on the same kinds of 10-choice Mathometer problems as in the 


1962 report. In this experiment (Noble, 1965а) half the subjects. practiced 


for 20 trials by the correction method (requiring corrective rc spouses unt 
reinforcing feedback was receiv 


d the remaining 96 practiced by the non- 
correction method as defined earlier. In other words, the correction group 
Was subject paced whereas the noncorrection group was experimenter paced. 
From the graphic records of 38,400 choice points, individual responses were 
analyzed under the two S conditions, as described above, 

Returning now to Fig 4 and looking first at the correction method (lower 
left graph), we see that there is little difference 


of the three hypotheses, Reinforcement still leads frequency (albeit by a tiny 
margin) and both are superior to postremity until the | 
when they merge above the 80% ordinate. 
method (lower right graph), we 
investigation, In general, Fig. 


in the predictive efficacy 


ast quarter of practice 
Looking next at the noncorrection 
find essentially a replication of the earlier 


3 shows that reinforcement predictions arc 
consistently and decisively more 


accurate than all others, with frequency 
Winning out over 


postremity in a close race. 

in validity as practice 
were approached. 

The overall results of these four 

observations of 292 subje 


All three hypotheses improve 
continues, and would probably converge if mastery 


independent comparisons, pooling the 
ts responding one or more times at 58,400 choice 
points,® are summarized in Table I as mean 


percentages of correct predic- 
tions during Trials 2 to 20. With the r: 


andom accuracy level at 10%, the rein- 
forcement principle predicts 70.98% better than chance when the two non- 
correction groups are averaged. Freque 
only 36.04% and 33.76%, 
Correction situation, 


ncy and postremity exceed chance by 
respectively. We may conclude th 


at in the non- 
reinforcements accuracy for a 


l0-choice task is about 
* Assisting in these analyses without benefit of 


computer or principal checker, were Ridgely W. Ch 


Fuchs, Helen R. Jones, Don Е 


automation, serving either as first 


ambers, Joan E. Eldodt, James К. 
Awrence, and Ella M. Rowe, 
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TABLE 1 


Mean Percentace Соннкст Prepicrions ву Taree HYPOTHESES UNDER THREE METHODS 
ECTIVE MaTHOMETER" 


OF Practice реве Trias 2-20 ох THE $ 


Hypothesis 


Т Reinforcement Frequency Postremity 
ethoc (% (%) (%) n 
А р 81.74 39.89 38.08 50 
ane enen 80.12 18 49.43 96 
\ ified- 
йш: 54.82 34.04 27.81 50 
correction 
Correction 67.29 66.79 65.17 96 


" After Noble (1962, 1965b). 


twice that of its rivals. After five trials we can predict around 75% of the time 


what the initial response at the next choice point will be merely by keepinga 


record of the subject’s reinforcement history. By Trial 18 the predictability 
ame 


is close to 90%. Using frequency or postremity, our predictions on those 
trials would average only 33% and 60%, respectively. For analytic purposes, 
in consequence, maximum differentiation among the three hypotheses. is 


provided by the noncorrection procedure, followed by the modified-correc- 
tion and correction procedures in that order. In the correction method, since 
а reinforced response must always be last, no one will be surprised to find 
postremity predicting almost as well as reinforcement. Similarly, since the 
reinforced response tends with practice to become the most frequent re- 
sponse in the correction procedure, frequency also is able to predict at about 
ss of practice method, however, 


same level as reinforcement. Regardle 
alidity of the reinforcement hypothesis for selective learning is striking- 
senta 


the 


the у 
ly demonstrated in these analyses. At the same time they appear to pre 


formidable challenge to nonreinforcement theories (Guthrie, 1952; Harlow, 


1959; Voeks, 1948) and to theories which construe learning as a random 
event (Bower, 1959; Bush & Mosteller, 1955; Estes, 1959; Restle, 1962). 

With respect to the contiguity-reinforcement issue, it is instructive to 
observe that while all three hypotheses assume S-R contiguity, two of them 
are distinctive in exploiting R-R components (e.. correlating the last or 
the modal response with the next response). The power of the S-R-contiguity— 


frequency-reinforcement hypothesis, to enumerate all its elements, is that 
tion of reinforcing 


it includes an extra experimental component: the ope 
S-H>R+ connections. As Seward et al. (1944) found in a straightforward 


S-R-contiguity-recency pushbutton experiment of the type Guthrie's (19, 
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theory would propose, the paradigm SH, followed by SR; failed to pro- 
duce R. > Rp. Unlike Nocks' postremity, then, reinforce 


rent is not neutral; 
it does exert differential influences on R and R= choices. This is what ac- 


counts for the mass 


ive increments in going from the frequency to the rein- 
forcement curves in Fig. 4 (for all but the correction procedure). Additional 
factors, which are considered later in the chapter, are the significant effects 
of generalization and nonreinforcement. By combining all these elements, 
as we are attempting to do in the Georgia laboratory, I believe that the aver- 
age predictability of individual behavior (for carefully selected. initial and 


boundary conditions) can be extended well into the 90% range. 


With respect to the continuity-noncontinuity issue. there are few rele- 
vant human-learning investigations apart from a spate of recent verbal ex- 
periments on the role of item selection and other artifacts in producing osten- 
sible "one-trial-learning" results. As Kendler (1959) foresaw and Estes (1962) 
has recognized, the methodological defects of the сапу paired-associate 
substitution designs have been exposed (Underwood & Keppel, 1962). To 
the discomfiture of most S-S as well as some S-R noncontinuity theorists, 
those star-crossed studies turned out to be exercises in the control of per- 
formance factors rather than proofs that H is saltatory, While no dogmatic 
assertion is possible yet on the question of all-or-none vs. incremental prin- 


ciples of habit formation, it is manifest that advocates of the noncontinuils 
viewpoint hav 


not exactly improved their defensive posture vis-d-vis those 
of the continuity persuasion. The incrementalists are in a position of strength 
for several reasons: (1) most empirical group acquisition curves measured in 
terms of R., Ra, or Ң , can be described as continuous positive functions of 
N (Hull, 1943; Woodworth & Schlosberg, 1954); (2) the results of animal 
discrimination studies have generally favored the continuity view (Decese, 
1958; Kimble, 1961) 


; (3) the rapidity of changes in learning-set scores among 
both primate | 


and human subjects is a cumulative function of the amount of 
interproblem training (Harlow, 1959); (4) human overlearning-retention 
experiments are consistent across memory drums and finger mazes in show- 
Ing positive correlations and a diminishing-returns principle (MeGeoch & 
Trion, 1952); (5) the occasional appearance of discontinuous R, scores can be 
handled within continuity theory by attenuating the oscillation function, as 
in cases of increased experimental control (Spence, 1956) 

For à sampler of human selective-learning experiments supporting the 
incremental principle, I shall mention three. Prentice (1949) adapted the 
classic two-choice cue-reversal discrimination-learning paradigm for college 
students, finding the reversal group's performance inferior to that of the non- 
reversal group. This is as it should be ife 
be extinguished and former avoid 


rstwhile reinforced choices must 
ance responses replaced by approach when 


SELECTIVE LEARNING 73 


the cues are altered for the reversal subjects. In a similar investigation Walk 
(1952) also got continuity results from a pair of discrimination-learning ex- 
ts were brief. Finally, there is 


periments, although the negative transfer effe 
a demonstration by Paul and Noble (1964) of the positive transfer effect of 
sals on the Mathometer which turned up some evi- 


successive habit rever 
dence inconsistent. with the ahistorical postulate of Gestalt theory. We 
noticed that the number of subjects attaining perfect scores on the second 
sed steadily with amount of reversal 


postreversal trial of each block incre 
training. These data were reanalyzed and suggest that although insight may 
be a within-subject phenomenon, it can be manipulated like any dependent 
variable, then assessed as a between-subject effect. In sharp refutation of 
the noncontinuity credo that insight is independent of repetitive training, 
the probability of one-trial reversals occurring is a continuous positive func- 
tion of N. 

To recapitulate, the odds-on favorite in the learning lottery is a reinforce- 
ment theory which assumes an underlying continuity for the growth of asso- 
ciations. Now, in the final section, I turn to a review of the laws of selective 
learning, prefacing the discussion of each group of phenomena by a tentative 


coordination with our approximation formula. 
Laws of Selective Learning 


Comp.exiry or Task: А = fiS.) 
As a class these S, factors affect the parameters i and r of Eq. (4) plus the 
variance of N, and they are believed to be nonassociational performance 


variables. 

Evidence supporting this hypothesis is supplied by several Mathometer 
experiments. In one (Noble, 1955) the number of available responses (1 
was varied between 4 and 10 in 336 subjects to generate a set of seven four- 
unit problems (ef. Fig. 3). There were significant differences in trials to 
mastery among the groups. Subsequent theoretical analysis (Noble, 1957a) 
revealed that the R, curves were skewed and Б shaped; the origins agreed 
with rational expectation (i= Ш); the inflection points on the N scale varied 
and the acquisition rates varied 


n) 


directly with the number of exposed key 

tnvenely, The average goodness of fit using Eq. (7) to secure F values was 
99.1%. An extension of this investigation (Noble, 19571) on four new groups 
of subjects, exploring the effects of Nz from 11 to 14, also produced signifi- 
cant results. Earlier (Noble, 1954) I had recommended that complexity be 
regarded as the total possible number of different solutions to a problem and 


s М 5 Е an 
defined by the algebraic formula for permutations (nPm=n!/[n—m]!). Meas- 
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uring difficulty by the median trials needed to reach different criteria of 
mastery led to a logarithmic difficulty-complexity relationship, with nPm 
ranging from 24 to 5040 and a mean F value for the four logarithmic equa- 
tions of 96.5%. Kae 
in a punchboard task when response availability was increased from N4— 1 


ss and Zeaman (1960) obtained significantly greater errors 


to Na = 5. Then there are tasks which are slightly beyond our taxonomic 
borders which produce similar results. Riley (1952) for paired-associate 
verbal learning and Neimark (1956) for Humphreys-type verbal expectations 
both found decrements when they increased the number of choices. 
Another dimension of task complexity is encountered when the number of 
Brogden and Schmidt (1954a,b) used 


zes varying from 2 to 12 choices and 


choice points (Np) is covaried with N 


the correction method with verbal imi 
from 16 to 24 units. Difficulty, measured by time and errors to criterion, in- 
creased proportionately with Np and there was an interaction between М, 
and Nz A model was developed for these data by Simon (1957) which ac- 
counted for 93.7% of the variance in error scores, but it predicted inde- 
pendence of trials-to-criterion scores from N., Meanwhile I had engaged 
the Complex Coordinator (cf. Fig. 1) in a related enterprise covering a range 
from 5 to 40 matches, emerging with a rectilinear time-length equation whose 
Е = 99.9% (Noble, 19534). These linear laws, I suspect, are special cases of 
task and method. Perhaps they obey a power function in the general case, 
with exponents of unity applicable here. 

As a further test of Eq. (4) I used the modified-correction method on the 
Mathometer, jointly varying Np and Np from 4 to 14 (Noble, 19570). "There 
were no serial position error gradients. The R, scores behaved as expected, 
with i and accounting for both response availability and task length, giving 
a mean F of 98.8%. Since the form of Eq. (4) was invariant over changes in 
task length, the R,, data agreed with MeGeoch's version of the Kjerstad- 
Robinson hypothesis (Noble, 1957c, p. 251). Equally critical for theory, how- 
ever, was the form of the length-difficulty relationship for trial durations. It 
was parabolic, supporting Thurstone’s (1930) hypothesis with F = 99.826. 
Median total time to mastery (Ry) won out over several other measures of 
difficulty. By making some simplifying assumptions in Thurstone’s formula, 


I reduced it to the form 
RF = КМ)" (8) 


where ¢ = trial duration in seconds; b = slope parameter > 0. Another Ma- 
thometer experiment (Noble & Fuchs, 1961) confirmed and extended these 
findings upon 400 subjects in 20 combinations of Np and Nx. Difficulty in- 


creased with either variable, and the effects of practice, conditions, and their 
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interaction were all significant. By making certain keys correct at more than 
one choice point, we forced the subjects to alternate their choices. Alterna- 
tion joined forces with irrelevancy to produce maximum difficulty. 

Uniformity of the S-R sequence in mathometry was investigated by Farese 
and Noble (1960), who predicted that a constantly changing order in a four- 
choice four-unit task would be more difficult than the standard one. With 
only r allowed to vary, Eq. (4) gave an average F of 97.96%. In addition to 
decremental effects on means there were inflationary effects of S; on variances. 
Our error curves are reproduced in Fig. 5 to show the greater intertrial fluc- 
tuations of the variant group. The residual o? of this group was about three 
times that of the invariant group, and early trials showed greater variability 
than later trials. This outcome is consistent with the Hull-Spence concept 
cially since the early-late difference in variability was also greater 


of ly espe 
A related study of sequential complexity was done by 


for the variant group. 
Barch (1960a). He employed his Serial Reactor (Barch, 1960b) to find out 
enificant. It was, and it also interacted with prac- 


whether the S, factor was s 
tice. Color-form cue irrelevancy was not significant. Loess and Duncan (1952) 


studied two-choice discrimination learning under simultaneous and succes- 
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Fic. 5. Mean error curves (R>) in selective learning as functions of the number of 
practice trials (N), with uniformity of the S-R sequence (Sas the parameter. Each curve 
is based on the data of 48 subjects (after Farese & Noble, 1960, p. 118). 
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sive presentations. Although there was no difference for casy problems, the 
simultaneous condition was superior for difficult problems. The implication 
that subjects perform better on close choices when they have an opportunity 
to compare S+ and S- was confirmed on children (Perkins, Banks, & Calvin, 
1954). Applying Spence’s (1960) notion of successive cue-position pattern- 
ing to account for simultaneous discrimination learning, there are experi- 
ments on rats (Birch & Vandenberg, 1955) and children (White & Spiker, 
1960) which show that responses to patterns occur under conditions of dif- 
ferential reinforcement of the component stimuli. White and Spiker noted 
that amount of patterning is significantly affected by increasing the similarity 
among the nonspatial cues within a trial. 

That facet of S, variables concerned with display-control relationships 
in perceptual-motor tasks is a favorite among engineering psychologists. 
Lest this be regarded as alien to the field of selective learning, we have 
Fitts’ (1964) conclusion that skill is composed of fundamentally discrete 
components. His review suggested that the study of separate S-R elements 
will make important contributions to the theory of continuous action, includ- 
ing spatio-temporal patterning, motor coordination, serial communication, 
verbal behavior, thinking, and decision processes. On a variety of devices 
Fitts and his colleagues have shown that direct S-R compatibility is most 
efficient. Independent data on this phenomenon were supplied by Adams 
(1954c). Positive transfer between tasks was initially related to the degree 
of similarity in the display-control relationships. Morin and Grant (1955) 
confirmed a number of earlier results оп the Multiple Serial Discrimeter 
(cf. Fig. 1). Using rank correlation (tau) as a measure of S-R correspondence, 
they obtained clear facilitation in transferring subjects from a noncorre- 
sponding task to one with high S-R compatibility. Nystrom and Grant (1955) 
assessed the compatibility of five angular orientations of lights and keys, 
finding the greater the angular displacement from zero the less the com- 
patibility and the poorer the performance, especially beyond 90°. In general, 
the magnitude of S-R compatibility effects varies positively with task com- 
plexity (Fitts, 1964). A monograph by Seibel (1962) described an investiga- 
tion of discrimination reaction latencies under variations in S, defined by 
the number of S-R pairs. A five-light five-key one-hand apparatus provided 
25 — 1 = 31 SR alternatives. Contrary to information theorists’ expectations, 
R, scores were not a positive linear function of information transmitted in 
bits (cf. also Adams, 1964). Instead, the obtained function was negatively 
accelerated, reaching an asymptote around З bits (8 alternatives) and hold- 
ing steady up to 5 bits (31 alternatives). A subsequent 10-light 10-key study 
(Seibel, 1963) employed both hands to explore 2 —] = 1023 S-R alternatives 
during 200 experimental sessions. As expected from his first study, Seibel 
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found the mean R, of the maximum complexity condition only slightly dif- 
ferent (< 25 milliseconds higher) than that of the 31-alternative condition. 

My last examples of R HS,) functions involve comparisons of the correc- 
tion and noncorrection methods. They have interesting implications for rein- 
forcement theory and for programmed-learning technology. Hull and Spence 
(1938) verified a prediction that the correction procedure would produce 
faster trial-and-error acquisition in rats. The reason: the subjects received 
both reinforcement of R+ and nonreinforcement of R on each trial, thus 
Irion and Briggs (1957) trained 240 high 
ssociate 


accelerating the learning proce 
school students on 20 S-R combinations under serial and paired« 
presentation using the Subject-Matter Trainer (Besnard et al., 1955). There 
were significant differences favoring a simple correction procedure (“prac- 
tice mode") over a noncorrection procedure ("single-try mode"), and two 


other complex correction methods (“quiz mode," "modified-quiz mode") 
were even more effective. Then there is a recent Mathometer experiment 
(Noble, 1965a) in which 192 matched college subjects practiced a 10-choice 
10-unit problem under one of the two methods for 20 trials. I found signifi- 
cant effects of practice, method, and their interaction. When R, scores were 
measured the correction method was superior over all trials; the two curves 
fitted by Eq. (4), varying only the r parameter, gave an average Е = 99.50%. 
When mean R— scores were measured the noncorrection (apparatus-paced) 
subjects produced significantly fewer errors until the last five trials. At that 
point the fast-falling curve of the correction (self-paced) subjects began to 
cross under the noncorrection curve. There is no inconsistency. With more 


responses allowed the correction group committed more errors than the non- 
but they were eliminated at a faster rate. Clarification 


correction group, 
ror percentages; when this check is made the correction 


comes by plotting е 


group's curve is superior throughout, in exact agreement with R, scores. 


Freppack Contincenctes: А = f(S,) 


; affect the parameters гапа a of Eq. (4) plus the 


As a class these S, factors 
extinction of R,, and they аге believed to be both learning and performance 
variables. 

Experimental data relevant to rate of acquisition (r) appeared in a Ma- 
thometer study on the influence of different loci of reinforcing feedback in 
96 military subjects (Noble & Noble, 1958). One group (serial S/) received 
immediate reinforcement after each R+ whereas the other group (terminal 
S,) had to wait until the end of the trial. The task was a four-choice four-unit 
problem practiced by the noncorrection method to mastery. We found deci- 
sive superiority for the serial reinforcement condition. With a and i held 
constant while r alone was allowed to vary, Eq. (4) predicted well, the mean 
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F was 99.30%. Despite the fact that R, data increased with training, latency 
scores were not significantly different between the serial and terminal groups: 
nevertheless, the intraserial R, scores of the terminal group declined sys- 
tematically toward the end of cach trial (the point of reinforcement. Again, 
we saw no serial position effects for R. scores. A sequel to this was an ex- 
periment on delayed serial feedback (Noble & Alcock, 195 
576 subjects and tested them on two different problems, dividing them into 


d 


in complexity, one being a four-choice four-unit task, the other a LO-choice 


». We recruited 


six 5, delay groups in the range from 0 to 3 seconds. The problems differ 


l0-unit task; all subjects practiced for 20 trials by the noncorrection method. 
Differences in acquisition speed due to S, were significant and so was the 
S, X S, interaction. There was no appreciable variance attributable to S, delay 
or to practice interaction in the short task. The long task gave some hints of 
increasing impairment with greater delays (including a significant Big D 
interaction which affected the r parameter), but the main effect of S, was 
slight. For both tasks we noted that mean R, scores during Trials 1-10 rose 
slightly from 0 to 1 second, then fell from 0 to 3 seconds (Noble & Alcock, 
1958, Table 2) In another Mathometer investigation (Fuchs, Leland, & 
Noble,1960) 230 college students practiced for 90 trials by the noncorrection 
method on a four-choice four-unit task. They were given five different ter- 
minal delays from 0 to 16 seconds, with and without proportional increases 
in the number of interpolated respouses (left-to-right: button pushing) be- 
tween trials. There were no decrements. The contention that human subjects 
are highly resistant to interference from delayed feedback (Bilodeau & Bilo- 
deau, 1961) is not contested in this laboratory. Merely delaying S, seems 
to be irrelevant unless effective response competition is produced (eg, by 
the terminal reward procedure). When interference occurs the r parameter is 
suitably affected. 


Many varieties of S, operations are reinforcing. Birch (1964) developed a 
puzzle task to measure instrumental approach speed in a two-choice situa- 
tion whose alternatives differed in difficulty and/or incentive value. The 
В|, scores were a positive function of trials, and there was an interaction 
between incentive value (amount of success) and spatial position. In the 
Morin-Grant (1955) experiment. mentioned. earlier, subjects. given non- 
corresponding S-R matches on the Multiple Serial Discrimeter relied more 
heavily on informative feedback than those given corresponding S-R matches. 
Primary rewards have their place, too. Studying two-choice discrimination 
learning and transposition in children, Terrell and Kennedy (1957) found 


candy reward more effectis e than praise or reproof. There are two I0-choicc 


tions of feedback. The first 
(Noble et al., 1958b) was a 100-subject comparison of our standard. serial 


Mathometer experiments on types and combin 
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ата condition with a condition in which we reported R+ scores to the sub- 
jects in addition to giving them green lights. The light-score group performed 
slightly but not significantly better than the light-alone group. In the second 
experiment (Noble, 1965d) 80 subjects were divided into four groups, all 
receiving the green light serially for R+. One group saw distinctive labels 


above the keys, another received verbal reports of the key's identity when- 
ever R+ occurred, a third had both treatments, and the fourth was a control. 
The lightalone group came out best, the light-label-report group second, 
the light-report group third, the light-label group last. Analysis-of-variance 
tests revealed significant differences due to practice, feedback treatments, 
and their interaction. Apparently our standard. S, conditions are optimal, 
for multiple feedback tends to be disrupting. Jones (1945) investigated trial- 
and-error learning in 144 junior high school students with a 40-hole punch- 
board maze. Different kinds of feedback signals (buzzer, light, tone, vibrator) 
produced different affective qualities for R+ and R choices, yet had no sig- 
nificant influence on time or error scores. Mere knowledge of R was as 
effective as feedback plus stimulus emphasis. 

Nonreinforcement, that powerful alter ego of the law of effect, is an S, 
factor which tends to be somewhat neglected in theoretical psychology. Im- 
pressed by the Hull-Spence (1938) demonstration that rats can master a 
hen reinforcement of R+ and nonreinforcement of R are 
(correction procedure), Denny and Dunham (1951) con- 
hypothesis that four nonreinforcements per day 
when the number of reinforcements is held con- 
Cantor and 


T maze quickest w 
working together 
trived a neat proof of the 
for rats are better than one 
stant at two. Nor is the principle limited to rodents, as G. N. 
Spiker (1954) have clearly shown with preschoolers learning a discrimina- 
с. The technique of forcing extinction trials for R upon the subject 


tion t 
definitely 

From nonreinforce 
step. Ninety-two collegians we 


aids in his acquisition of R+. 

ment of R to partial reinforcement of R+ is a short 
re assigned to the Mathometer by Taylor and 
Noble (1962) for a comparison of continuous reinforcement (100 percent S „) 
with three partial reinforcement schedules (25, 50, 75 percent S ,). All subjects 
practiced a four-choice four-unit noncorrection task for 15 reinforced trials, 
xtinction trials. When we analyzed the acquisition data 
s, orderly decremental effects due to non- 
reinforcement appeared. Consiste ith the augmented S-R reinforcement 
tion on Theory of Selective Learning, amount 
ated with the number of extra nonrein- 
forced trials given. During extinction the continuous group dropped below 
the others initially, then at Trial 5 began a comeback to the level of the partial 
groups. This is a rare phenome partial reinforcement literature, 


then received 20 e 
by successive reinforced response 
е nt w 
theory discussed in the sec 
of impairment was perfectly correl 


non in the 
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doubtless because most experiments are terminated prematurely. (Small 


wonder; extinction is onerous for subject and experimenter alike.) There 
were no systematic differences among our partial groups in extinction when 
relative percentages of R+ were plotted against nonreinforced trials. Hub- 
bard (1951), investigating secondary reinforcement in a three-choice dis- 
crimination task with 81 subjects, had also gotten nommonotonic extinction 
functions. His curves fell precipitously at first, but after Trials 3-5 they rose 
until Trial 20 where they leveled off just like ours. In order to replicate the 
Taylor-Noble findings and to amplify this extinction phenomenon, I recently 
гап 184 subjects on the same four-choice task for 20 reinforced trials under 
50 and 100 percent S, followed by 40 extinction trials (Noble, 19650). In 
acquisition the 100 percent group was markedly superior to the 50 percent 
group, confirming the inhibitory effect of nonreinforcement and its corre- 
lated influence upon the r parameter. The extinction curves reproduced in 
Fig. 6 show that the 100 percent group reached its low point during Trials 
3-4, after which it moved up toward convergence with the 50 percent group. 
By Trial 23 the two groups were statistically indistinguishable; about 70 
percent of the subjects! responses, relative to their last two acquisition trials, 


were correct from then on. The concordance between the data of Taylor and 
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Fic. 6. Relative extinction curves (RØ) in selective learning as functions of the nun 


ber of nonreinforced trials (n), with original reinforcement schedule (Sy as the parun- 
eter. Each curve is based on the data of 96 subjects (after Noble, 1965c). 
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Noble (1962), Hubbard (1951), and Noble (1965c) is reassuring, although the 
implications of the subjects" "strategies" аге not yet clear. Related phe- 
nomena from a lever-positioning task have been observed by E. A. Bilodeau 
(1953); they are discussed in the context of shifting S, by I. McD. Bilodeau 
(Chapter 6). 

For a final illustration of S 
asymptote parameter of Eq. (4). The quantity а is the limit of R, and reflects 


factors, consider their influence upon the 


the maximum proportion of reinforceable responses in a given task. By manip- 
ulating this proportion in a 10-choice selective learning situation from 1.00 
down to 40, it should be possible not only to lower the asymptotic “ceilings” 
but also to depress the initial proficiency levels of groups subjected to dif- 
ferent values of a < 1.00. Experimentally this can be easily achieved on the 
Mathometer by arranging to have one or more keys nonreinforceable (non- 
functioning). The theoretical reason for the expectation of lower initial prob- 
abilities for insoluble problems is thata and i are multiplicative. Thus, R, 
at the outset of training (Trial 0) is predicted by the joint probability that the 
subject will make a correct choice (К+) and be reinforced (S/). Moreover, 
each inflection point should occur at an ordinate value represented by the 
ratio a/e, where е = 2.718 and a varies from 1.00 to .40. Successful empirical 
verification was reported by Chambers and Noble (1961) with 150 subjects 
practicing a 10-choice 10-unit task for 50 trials. The R, curves shown in Fig. 
7 are generally consistent with our pre-experimental predictions regarding 


a and i. The r parameters were obtained in the usual way after appropriate 
modifications of the graphical operations leading to Eq. (6). Predictability 
by Eq. (4) was high; the mean value of F for the five curves was 99.30%. 


an independent check on the influence of different "degrees of solubility" 
on selective-learning performance, Chambers and I computed a measure of 
difficulty (Noble, 1957a) which would be comparable among all groups. It 


was the median number of trials needed to reach a mastery criterion of four 
correct responses (five perfect trials in succession). Difficulty emerged as 
an inverse linear function of the degree of solubility (= 100a). To generalize, 
the greater the percentage of reinforceable responses in a series the easier 
it is to master a fixed number of these responses. By invoking the multiplica- 
tion theorem of the probability calculus in this experiment, we were able to 
link Eq. (4) to the relative frequency theory of probability in a rational manner. 


Work Distrisution: R = TUS.) 


As a class these S, factors affect only the r parameter of Eq. (4), and they 
seem to influence learning by way of performance. 

Most investigations of S, variables have been performed with motor-skill 
devices using R, or R, (amplitude) scores (Bilodeau & Bilodeau, 1961; Fitts, 
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Fic. 7. Response probability (R,) curves in selective learning as a function of the 
number of practice trials (М), with different asymptotes (a) as the parameter. For com- 
putations of the rational origins, see text. Each curve is based on the data of 30 subjects 
(after Chambers & Noble, 1961, p. 419). 


1964). Such measures usually reveal marked initial and final differences in 
proficiency. Their disadvantage is their lack of analyticity. By contrast, the 
advantage of R, scores on the Mathometer is that comparative studies of work 
distribution among different learning groups can be carried out withina single 
coordinate system, as in the case of the S, factors discussed earlier. There is 
increasing agreement among quantitatively-oriented learning theorists that 
R, is the most analytic operational indicator we have of the relative strengths 
of response tendencies. Thus Restle wrote, "... each response may be 
assigned a ‘strength, and... the probability of a certain response is its rela- 
tive strength" (1959, p. 419). Skinner (1961) and Estes (1962) have both 
argued convincingly for an emphasis upon R, measures. For these reasons, 
and because of the probabilistic nature of selective learning (cf. Fig. 2), I 
shall continue to mention Mathometer experiments prominently.” Studies of 
correction procedures (Noble et al., 1958b; Noble, 1965a) and distributed 
practice (Noble & Taylor, 1959) have addressed themselves to some of the 
major performance variables. 


Prof. Noble's review of S, factors here was deleted by the Editor to save space. 
It will be included in his forthcoming Annual Review chapter, “The Learning of Motor 
Skills" (Noble, Annu. Rev. Psychol., 1967, vol. 18). 
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As a class these S, factors affect the parameters i and r of Eq. (4); depend- 
ing on conditions they may produce either learning or performance changes. 

We first studied transfer on the Mathometer,as a joint function of speci- 
ficity of instructions and habit reversal (Noble, Alcock, & Farese, 1958a). 
A four-choice four-unit task was practiced by 48 subjects under two sets of 
instructions for 20 trials, then reversed for another 20 trials. The nonspecific 
instructions produced lower initial responding and a slower rate of acquisi- 
tion as compared with our standard specific instructions. Following habit re- 
versal both groups fell to a chance level, after which they showed a significant 
learning-to-learn facilitation in acquiring proficiency on the reversed series. 
The instructions’ influence appeared to transfer positively to the postreversal 
period, and the specific and nonspecific groups were both approaching a 
common asymptote of unit probability at the end of the practice period. Then 
a more extensive study was conducted (Paul & Noble, 1964) upon 88 sub- 
jects practicing а 10-choice four-unit problem (Ng = 10, Np = 4) under either 
a standard sequence for 80 trials or a constantly reversing sequence for eight 
blocks of 10 trials each. After transferring the subjects to a unique problem 
with four different keys on Trial 81, we found that the reversal group per- 
formed significantly better than the standard group. Both groups were given 
10 trials on this new problem. There was a significant S, X S, interaction 
during the transfer period. These results confirm Harlow's (1959) predictions 
and are consistent with experiments by Adams (1954b), Duncan (1958), and 
Morrisett and Hovland (1959) which had suggested that a critical factor in 
determining the relative merits of learning-to-learn and learning sets for 
transfer of training is the effect of the number of intratask trials which 
multiple-problem trainees receive prior to the transition. Specifically, their 
proficiency. levels should be comparable with those of single-problem 
trainees. The Paul-Noble study thus proves that maximum positive transfer 
to new problems occurs when optimal amounts of general as well as special 
training are given. Data of both standard and reversal subjects were fitted 
satisfactorily by Eq. (4), the mean F value for all 11 curves being 97.22%. 

Lewis and his associates at lowa performed a remarkable series of projects 
in the late 1940s and early 1950s with the Complex Coordinator (cf. Fig. 1), 
all addressed to the question of facilitation and interference. Mashburn’s 
apparatus was modified to provide reversible control-display relationships 
plus independent R— and R+ counters. The modal design was ABA. As Bilo- 
deau and Bilodeau quaintly styled this all-out quest for retroactive inter- 
ference phenomena, “Lewis found only shards of the holy grail” (1961, p. 
262). Lewis, McAllister, and Adams (1951) reported that practice both facili- 
tated and interfered with the interpolated learning of reversed controls, 
while amount of retroactive interference depended upon the amount of 
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original practice. A related study by McAllister and Lewis (1951) revealed 
that a similar effect could be produced by interpolated practice. The sub- 
jects exhibited a paradoxical increase in both R+ and R— scores when S-R 
relationships were reversed, and amount of interference was negatively 
correlated with degree of reversed practice for strong original habits. 

A number of S, experiments have employed the Star Discrimeter (cf. 
Fig. I). Here are some of the best. Duncan (1953) demonstrated how posi- 
tive transfer increases with first-task practice and intertask similarity. That 
transfer was attributable to learning-to-learn and response generalization 
was established later (Duncan, 1955, 1958) in an analysis of bidirectional 
spatial error gradients around R+. The same apparatus was used by McAllister 
(1953) for an investigation of the influence of verbal paired-associate: pre- 
training on nonverbal selective learning in 98 subjects. She found that rele- 
vant S-R pretraining facilitated later performance." Later, J. II. Cantor (1955 


55) 


got significant evidence for the superiority of relevant over irrelevant pre- 


training, together with a suggestion of decreased stimulus generalization. 


The Star Discrimeter, incidentally, produces a clearcut inflection point when 
N, scores are plotted against single trials; thus McAllister's acquisition 
curves resemble Mathometer data more closely than do those of Duncan or 
Cantor, who resorted to coarser grouping along the abscissa. MeFann (1953) 
studied proactive and retroactive facilitation and interference. He found 
both positive and negative influences when practice on one task was followed 
by practice on a different task having elements in common. Pursuing Dun- 
can's work further, Montgomery (1953) essayed a distributed-practice trans- 
fer experiment with null results; there was no differential transfer duc to 
S, operations applied to first or second task. Retention of transfer effects 
after one day vs. 14 months away from the Star Discrimeter was investigated 
by Duncan and Underwood (1953). Positive transfer covaried with degree of 
practice on Task 1 and with intertask similarity, confirming Dunean’s (1953) 
data. There was a little forgetting of Task 2 over one day, followed by pro- 
active faci 


itation in relearning. Greater forgetting occurred after 14 months, 
but 60% of the amount forgotten was regained in 20 trials. The effects of 
similarity decreased with successive periods of practice and rest. Finally, 
Lewis and Miles (1956) returned to the stage with an ABA design for the 
Star Discrimeter using different light-slot combinations for Tasks A and B. 
In six groups of female subjects, all of whom received equivalent amounts 


The positive transfer value of verbal instructions prior to training on the Dis- 
crimination Reaction Timer was established by Noble, Aleock, and Frye (19593). Since 
performance on this apparatus is known to be correlated with that on the Selective 
Mathometer (Noble et al., 19580). further ex idence is adduced for my cl 


assification 
scheme in Fig. 1 and on p. 55 above. 
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of practice on Task A, five groups were given different amounts of practic 

on Task B, then relearned Task A. The experimental subjects suffered a bit 
of retroactive interference during early relearning trials, the amount varying 
. the Complex Coordinator and Star 


with interpolated practice. In gene 
tible. By minim 
Lewis and Miles indirectly garnered data 


Discrimeter data are compa zing the degree of manipulative 


skill required of their subjec 
relevant to the Complex Coordinator as а selective learning device (cf. 


p. 55 above). 

A residue of S, experiments employing other apparatus remains. Spiker and Holton 
(1958) developed a six-lamp, uine-key motor paired-associate device to study inter- 
ference in A-B, A-C designs. From the A-C condition they obtained significant inter- 
ference which was an increasing function of the amount of first-task practice. Mandler 
(1954) had subjects press a sequence of six levers in a hexagonal arrangement in re- 
sponse to eight letters as stimuli, Different proficiency criteria (0, 10, 30, 50, or 100 
error-free trials) were required for the training conditions, whereas Brucean transfer 
tasks plus a warm-up control made up the second phase. Mandle 
the hoary Wylie hypothesis, were these: (D learning to respond with a new R to an 
old S produced initial negative, later zero transfer; (2) making an old R to a new S con- 
ferred positive transfer, which increased with degree of original training: (3) making an 
old R to an old S caused no difference for low levels of original training, but facilitation 
increased with degree of overlearning. Recently, Mandler and Kuhlman (1961) fabri- 
cated a more complicated gadget with 64 switches in an 8 x 8 array, although only eight 


results, bolstering 


were used and the stimulus letters dispensed with. Five groups of subjects received 
different amounts of train 
Positive transfer occurred from one sequence to the other, and the overlearned tasks 
were more easily relearned than those me 
increased the retroactive interference with relearning of the other but it facilitated 


g on two different sequences which were also relearned. 


ly mastered. Overlearning of one sequence 


performance in relearning the same sequence. Zeiler (1964a) compared "component" 
aing in children. He discovered that 3-year-olds learned a 


vs. “configurational” 
two-situation discrimination problem primarily on a configurational basis (the same 
directional R was correct in training as in testing), while 5- and 7-year-olds learned on 
t in the two phases). 


a component basis (the same stimuli were co The nonreversal 
shift from components to configurations was harder for the older subjects. In another 
discrimination learning S, study (Zeiler, 1964b), 240 adult females received simul- 
taneous vs. successive stimulus presentation on an intermediate size problem, fol- 
uying over five distance steps from the training stimuli. Successive 


lowed by tests 
presentation produced absolute transfer effects, 
the simultaneous conditions gave data ranging f 
to relational choices as a function of increasing training-test diff 


is Spence’s theory predicts, whereas 


»n predominantly absolute choices 
rences. Why there 


мах a return to "transposition" behavior following the overlap of the absolutistic and 
tending the cue-disparity techniques developed 


relational curves was not explained. E 
on primates, Murphy and Miller (1959) entertained school children with a two-choice 
discrimination problem in which stimulus (S), response (В), and reward (G) were either 
contiguous or separated. Cue separation turned out to be a significant source of impair- 
ment. This was recently corroborated by Jeffrey and Cohen (1964) using five combin: 
tions of S, R 
S-R contiguity is a nec 


3 months). Once more the old refrain: 


id G with two age levels (41 vs 
ary (though not sufficient) condition for learning. 
Another dimension to S, variables is spatial generalization. Brown, Bilodeau, and 
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Baron (1951) examined this factor by recording voluntary Rs to visual stimuli (seven 
lamps in a row) which varied in their physical loci. The subjects were instructed to 
react only to the middle lamp (forsaking all others) by executing a simple finger-lifting 
R. Plots of R, as a function of visual separation in degrees for the trained (center) and 
test (peripheral) lights yielded smooth symmetrical generalization gradients. Omitting 
the inhibitory instructions and resorting to angular movements, Andreas (1954) got 
comparable results; then came two reports by Marx (1957a,b) containing enough spread- 
of-effect R data to tickle the fancies of all devout Thorndikeans. A newer develop- 
ment in Brown's laboratory (Brown, Clarke, & Stein, 1958) is the horserace betting 
game, which generates nice summated generalization curves over the middle stimulus, 
as Hull's (1943) theory specified and as other experiments attest (еши. Bilodeau, Brown, 
& Meryman, 1956; Kimble, 1961, p. 349). The Selective Mathometer, likewise, is a 
source of spatial generalization data. Relative frequencies of R choices to the left 
and right of R+ were computed from an experiment (Noble et al., 1958b) in which 50 
subjects practiced a 10-choice task by the noncorrection method for 20 trials, Similar 
gradients have been seen when the modified-correction method is employed. 


InpivipuaL Dirrerences: А = Op O, O, O 


As a class these organismic or O-factors [habit aptitude (0%, sex (O,), 
age in years (O, individual drive(O,,)] affect the parameters a and r of Eq. (4), 
and they are believed to be performance variables. 

Our first individual-difference study on the Selective Mathometer (Noble 
et al., 1958c) was performed on 261 college subjects to determine whether 
selective learning proficiency is predictable from extra-task measures of 
aptitude (O,). A battery of eight printed and three apparatus tests uncovered 
multiple correlations ranging from .32 to .62, depending on the factorial na- 
ture of the tests and the complexity of the two 10-choice criterion Mathometer 
problems (a 4-unit and a 10-unit task). All scores were transformed to nor- 
malized Ts. Consonant with earlier work by Woodrow (1938), Adams (1953), 
and others (cf. Bilodeau & Bilodeau, 1961; Adams, 1964), adjacent-trial 
correlations were higher than remote ones and external tests predicted ad- 
vanced proficiency better than they did initial proficiency. Validity was 
highest for R+, lowest for R— scores. The best predictors were discriminative, 
spatial, and reasoning tests, notably the Discrimination Reaction Timer (cf. 
Fig. 1). There were no significant differences due to sex (O,). With respect to 
complexity, the apparent effect of lengthening the task (from Ny. = 4 to 10) 
was to increase the factorial diversity of the criterion, although this inter- 
pretation is moot (cf. chapters by Irion and Jones). Figure 8 is nonetheless 
consistent with Hull's (1945) hypothesis in that O, influences the constants 
rather than the forms of behavior equations. By stratifying into four aptitude 
groups the 106 subjects who practiced the more complex task, then applying 
Eq. (4) with a — 1.00, i — .10, and only r varying, we obtained a mean F — 
97.1%. Ability and variability varied inversely. A recent experiment (Noble, 
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Fic. 8. Response probability curves (R,) in selective learning as a function of the 
number of practice trials (N), with individual differences in aptitude (О,) as the param- 
eter. All curves have been fitted by Eq. (4), with only the r parameter varying (after 
Noble et al., 1958c, p. 164). 


1965a) provided aptitude curves similar to those in Fig. 8. The role of the 
O, factor has also been explored with the Finger Maze. Commenting on his 
conventional serial-position effects for a nine-unit problem, Jones noted 


that the curves of four ability groups differed "quantitatively rather than 
qualitatively" (1945, p. 42). He, too, found no acquisition sex differences 
among 144 teenage boys and girls. For the Discrimination Reaction Timer, 
Adams (1957) published stable acquisition curves for 860 military trainees 
measured in terms of R, for 16 10-trial blocks of 3 seconds each. His first- 
among the concepts of abilities, aptitudes, 


rate discussion of the relationship. 
capacities, factors, and learning operations should be required reading (along 
with the seminal papers of Woodrow and Hull cited earlier) for all activists 
who wish to do something constructive about the schism between experi- 


mental and differential psychology. 

Moving on to a consideration of = f(O,, O,), but lingering awhile with 
the Discrimination Reaction Timer, I should not overlook the recent investi- 
gation of Noble, Baker, and Jones (1964). Quantitative relationships were 
sought among the variables R,,,, S, O,, and О, for 600 subjects in 30 groups 
between the ages of 8 and 87 years. All received 320 3-second trials (16 blocks 
of 20 trials each). Results should be exponential when the R,,,=f(N) curves 
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are plotted for each group. Such was the case, felicitously, for Hull's theory. 
H = My (Y —e), plus an added constant, was found capable of describing 
ge F = 97.98% when the asymptote, 
rate, and intercept parameters were varied jointly. Confirming and extend- 


all 30 acquisition curves with an aver 


ing the classical age-performance data, acquisition speeds followed differ- 
ential trends for both O, and O, variation while overall proficiency was a 
nonmonotonic function of O,. There was a rapid growth to a maximum level 
for females at the age of 16 years, a later peak for males at 20 years, then 
came a gradual nonparallel decline into the seventh decade. Males per- 


formed significantly faster than females, and all two-factor interactions were 


significant. Age and sex, according to the Noble-Baker-Jones experiment, 
are critical parameters in selective learning and performance when А, 
scores are employed. Some important O, implications also arose in an experi- 
ment by Patel and Grant (1964). There was an interaction of O, with the 
S, and S, variables. Although there were no general sex differences during 
training, the rate of acquisition was slower for men initially and faster later 
as compared with women. As the authors put it, “. . . there was a clear-cut 
effort х distribution interaction for the women but not for the men" (1964, 
p. 229). Follow-up studies employing the Mathometer and other selective- 
learning apparatus may confidently be expected. 

Results for the О, variable are mostly negative when (Taylor) anxiety 
scores are the defining criteria. Farber and Spence (1953) ran 80 Iowa stu- 
dents on a two-choice l0-unit stylus maze. In harmony with predictions 
from Eqs. (2) and (3), the high O, group (manifestly anxious by virtue of 
scoring above the fourth pentile) performed poorly relative to the low О, 
group (not manifestly anxious; below first pentile). Furthermore, at the most 
difficult choice points there occurred the greatest between-groups differ- 
ences. Because the same high О, subjects were superior in eyelid condi- 
tioning, Farber and Spence understandably opted for the D x H hypothesis. 
A repetition upon 96 Rochester collegians by Axelrod, Cowen, and Heilizer 
(1956) failed to uncover any significant differences among three anxicty 
groups with respect either to total errors or trials-to-criterion scores. Grice 
(1955) sampled 300 military trainees, selecting 30 cach from below the first 
and above the ninth anxiety deciles, then ran them on a Discrimination Re- 
action Timer modified to produce strong interference. Although his high 
О, group was significantly inferior in both R, , and R= scores, Grice found 
a negative correlation between anxiety and intelligence. Covariance adjust- 
ments eradicated the performance differences. One of my doctoral students 


at Louisiana State tested 288 undergraduates on the Mathometer and failed 
to get any differences among three levels of O, (Brackenridge, 1956). There 
were no interactions of R+ or R- scores with S, and S, variables, although 
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Brackenridge's four-choice R, = fN) curves were consistent with those re- 
ported earlier by Noble (1955) upon military trainees; the mean F value for 
three groups whose i (and r) parameters were .100 (.896), .167 (.881), and .250 
(.842) was 99.60%. Similarly, in one of our experiments already cited there 


were notably low correlations between anxiety scores and scores on Finger 
Maze and Selective Mathometer. Our interpretation was that the tasks “were 
relatively non-stressful and thus failed to evoke different motivational levels 
in subjects whose anxiety scores varied" (Noble et al., 1958c, p. 159). 

Finally, there are significant main effects of social facilitation upon В, 
scores, as revealed by experiments with the Discrimination Reaction Timer 
(Noble, Fuchs, Robel, & Chambers, 1958d; Noble, Chambers, Fuchs, & 
Robel, 1959b; Noble, Fuchs, Walters, & Chambers, 1959c). For this reason 
it is important to control the number and relative positions of the subjects 


when multiple-unit apparatus are used. 


Summary 


In this chapter I have attempted to provide a system: of the 
variables, theories, and laws of human nonverbal selective learning. This 
ssitated a de-emphasis of research upon per- 


topical concentration has ne 
ceptual skills, motor skills, information proce 
ing, Humphreys’ verbal-expectation learning, problem solving, concept 


sing, classical verbal learn- 


formation, predifferentiation transfer studies, engineering psychology, and 
experiments employing infrahuman subjects. 

Multiple-choice situations were presented in historical perspective to- 
gether with a survey and classification of six contemporary selective-learning 
apparatus. 

The Hull-Spence theory was examined in detail and found to be experi- 
mentally indeterminate. To avoid this practical impasse I recommended 
the consideration of an approximation formula elaborated from the work 
of Gompertz and Courtis. The adequacy of the equation N. = a( i) was eval- 
uated by curve-fitting techniques and its parameters were given preliminary 
rationalization. Predictability indices averaged 99.77% for three theoretical 
and three empirical sets of group data. A comparative analysis of 58,400 in- 
dividual response predictions under three methods of practice on the Selec- 
tive Mathometer utilizing the core hypotheses of postremity, frequency, 
and reinforcement indicated that the odds-on favorite is an S-R-contiguity- 
frequency-reinforcement theory which assumes an underlying continuity 
for the growth of associative strength. For intermediate stages of practice 
the average predictability of individual behavior is about 81%, but new de- 
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velopments in the Georgia laboratory offer the potential capability of achiev- 
ing higher levels. 

Finally, the laws of selective learning (А, = f[S,]) were tentatively codi- 
fied under the rubrics of T: Complexity (S), Feedback Contingencies 
(S), Work Distribution (S.), Transfer of Training (SJ, and Individual Dif- 
ferences (Op Os OV Oj). In each category the relevant literature was re- 


viewed and a provisional coordination of operations with parameters was 
made in the approximation formula. Data generated from representative ex- 
perimental variables are in close agreement with the equation, and its param- 
eters vary according to theoretical expectation. 
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Tolman in his presidential address to the American Psychological Asso- 
ciation in 1937 said, "Let me close, now, with a final confession of faith. I 
tin psychology (except perhaps such matters 


believe that everything importan 
as the building up of a superego, 


involve society and words) can be investi 
oretical analysis of the determiners of rat be- 


" (Tolman, 1938, p. 34). Though I think 
I don’t think that it is wholly true. Nor 
is of selective learning in human beings 


that is everything save such matters as 
gated in essence through the con- 


tinued experimental and the 
havior at a choice point in a maze. 
this is probably more true than false, 
do I think all of the important problen 
Multiple Serial Discrimeter and the Selective Math- 
ometer, at least not in their present form and in terms of their present usage. 
It is certainly true, however, 
these devices have provided a large quantity of 


can be solved using the 
that, in the hands of Dr. Noble and others he 


refers to in his chapter, 


Systematic data, and we all agree 
port any theory building. This last, commonly accepted thoughtcarries certain 


undesirable possibilities for all of us, however, for justas we tend to write our 
theories in terms of the data we have so we also tend to build our apparatus 
nts in terms of our theories. The combination of 
to data and conceptualizations that are of lesser 


that data are the foundation that must sup- 


and design our experime 
these two events can lead us 
scope than we intend or wish. 
implied in these comments and is intended to foster disquiet about our 


current methods and theorie 


My discussion is derived from the concern 


s in the complex domain of human selective 


learning. 


Theory of Selective Learning 


Noble approaches the problem of selective learning from the standpoint 
of Hull-Spence theory. This theory calls on a number of intervening variables, 
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only one of which is H. Each variable does its part in the division of labor and 
does so in a highly organized and systematic way. Unfortunately, the state- 


S to observ- 


ments of this organization among variables that link observable 


able R become very unwieldy mathematically. Thus, the Hull-Speuce theory, 
h 
other, does not vield an algebraic solution for probability of correct response 
(R ,) as a function of the number of trials (NJ. 

Noble's solution to this unsatisfactory state of affairs is to offer an approxi- 


while preserving all the variables in their proper relationships with 


mation formula, R, = ali} `. This expression was chosen to meet six require- 
ments set for it (see p. 60), and it seems to do so admirably. Somehow in this 
procedure, however, the variables of the Hull-Spence theory got lost or 
collapsed or reorganized so as to be missing in the approximation formula. 
Somewhere along the line Noble's equation severed its connections to the 
roots from which it sprung. 

It seems to me that Noble has not offered an approximation formula for the 
just plain different from 


Hull-Spence theory but is making a proposal that i 
it except in general emphasis and orientation. If that be granted, let us 
ask what sort of theory it is and what kind of job it is doing. The double- 
exponential growth curve along with the experimental identifications of the 
parameters summarizes the theory. It is a statement intended to represent the 
data from selective learning experiments and to provide a framework for the 
inclusion of the effects of additional variables which might be incorporated 
into selective learning. It would appear to accomplish both aims with distinc- 
tion. For example, Noble's own research program has included manipulations 
of response availability, temporal locus of reward, type of pacing, habit 
reversal, work distribution, and certain individual difference parameters, and 


the basic equation was used to interpret their effects. Additionally, the utility 
of the equation in summari 


ing the gross features of the data, as indicated by 
the degree of curve fitting obtained, is quite clear. The theory does not appear 
to be well suited, however, to come to grips with additional aspects of the 
data such as variances, trials to criterion, trials to the Kth success, run char- 
acteristics, and other statistics considered important by other mathematically 
oriented theorists (e.g., Bush & Estes, 1959). 

Leaving aside for the moment the question of what kind and how much 
data a theory should wrestle with, I think we might ask where we should go 
next with selective learning. What additional directions are there to be taken 
and what new questions might be à 


ed? Fundamentally, we are interested 
in two things; i.e., there are two things we would like information about and 
theory for. These are (1) the dynamic process occurring on a single instance 
in which a selection is made and (2) the fate of the variables determining the 
dynamic process as repeated instances of selection occur. 


COMMENTS ON SELECTIVE LEARNING 101 


К The dynamic process of selection has received rudimentary treatment by 
Estes (1950), who adapted probability theory to his conception of stimulus 
sampling, and by Spence (1954), who utilized the same probability theory in 
conjunction with the Hullian vocabulary. In both, the dynamic process вонь 


ceived to operate on the occasion of selection is randomly based. For Estes, 


timulus sampling is repeated until a stimulus element connected to the 


appropriate response is obtained and for Spence, oscillation of effective 
excitatory potential continues until a superthreshold value is garnered. Such 
models of the selection process lead to predictions concerning both the choice 
of the choice. More recent conceptions (e.g., 


of alternative and the latency 
if not the determinism, of the 


La Berge, 1962) have increased the complexity, 


hypothesized processes. 


The second point of interest, what happens to the relevant variables as 
repeated selections occur, is what is commonly captured in theories of learn- 
ing. What I have called repeated instances of selection is what is usually 
called trials, and certain effects of these trials are ordinarily termed learning. 


I would like to suggest that there may be dividends to be gained by attempt- 


ing to account for selective learnin 
ss of sele 


g in terms of changes in the variables 
tion within a trial instead of our 
he selection within a trial 


[O ari ; x 
ntering into the dynamic proc 
attempting to account for t 


customary approach of 
esses cumulating over trials. In the 


rning proc 


in terms of hypothesized lea 
I wish to focus on the first point of interest, the 


Present discussion, however, 
ater need of attention. 


dynamic process within a trial, as in gre 


An Expanded Domain for Selective Learning 


Омсомс ACTIVITY 

The study of human selective 
More precisely, it is the study of ce 
activity" 
sort of ongoing activity at the time that a signal 


learning is a part of the study of action or, 
rtain changes in a person's activity. In the 
phrase “changes in a person's ' there is implicit recognition that the 
individual is engaging in some 
rs. I want to make 
es this might have for selective learning experi- 


for a new activity appea this recognition explicit and begin 
to explore some consequent 
mentation and theory. Char 
progress and our theories should re 
should capture the idea of behavior 


discontinuo 
yn in his recent book An Introduction to 


“А New Premise for the Study of Moti- 


ше in activity is possible only if activity is in 
flect this fact. In their general setting they 
as a continuously shifting set of activities 


not as a series of discrete, us events. This position is given an elo- 


quent treatment by John W. Atkinsc 
Motivation (1964) under the topic 
vation.” 
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What, we may ask, however, is the ongoing activity in selective learning? 
In order to answer this I would like to make an imaginary modification in the 
Selective Mathometer. Think of the subject placing his hand on a knob which 
is the control device for some tracking task. He might, for example, be able to 
turn the knob like a steering wheel and keep a marker on a target. The usual 
Selective Mathometer task requires a response incompatible with such knob 
turning and is imposed on this continuing background activity. Immediately 
we wonder what will happen when a stimulus for selective learning is pre- 
sented. Will the subject replace his knob turning with à key press or might 
he continue with the tracking task? Certainly it is not guaranteed that he will 
key press, for it should be possible to make the ongoing activity so attractive, 
perhaps by paying money, that the subject wouldn't undertake the selective 
learning at all. 

But let's 
comes on and ask whether his performance in selective learning might differ 
as a function of the character and attractiveness of the ongoing tracking 


assume the subject does perform a key press each time a stimulus 


activity. It seems reasonable to think it might. 

The fact that the subject is tracking at the time the new stimulus comes on 
must mean that tracking is supported by the strongest tendency in the sub- 
ject’s hierarchy. By the same thinking it must mean that another tendency, 
one to press a particular key, has gained dominance when behavior shifts. 
Further, the latency of the key pressing response is the period of time that 
passes before the new tendency dominates the old. Clearly, there must have 
been a shift in the hierarchy of tendencies within that time period. Such a 
shift could occur if (1) the tracking tendency were constant but the key press- 
ing tendency became stronger or (2) the tracking tendency diminished in 
strength and the key pressing tendency became stronger, remained constant, 
oreven diminished at a lesser rate or (3) the tracking tendency gained strength 


but the key pressing tendency gained even greater strength. Any of these 
dynamic processes would result in the behavior shift indicated. 

Under the rule that the behavior of an organism at any given point in time 
is determined by the strongest tendency present, the selection of one key over 
another is governed by the speed with which the tendencies change their 
strengths. If key 4 is selected, it means the tendency associated with that key 
gained dominance over the tendency supporting the ongoing tracking. The 
tendencies for the other keys did not. The subject stopped tracking and 
pressed key 4 as soon as the latter tendency dominated the former. The 
tendency to press key 4 also dominated the tendencies for the other keys, 
but this is somewhat incidental since the shift in activity is defined with 
reference to the ongoing tracking. With this kind of analysis the theoretical 
focus is on the dynamics of tendency change within the time period of a trial 
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and experimental questions center at the factors that are effective in changing 
strengths of tendencies. 

What might happen to performance on the Selective Mathometer if an 
attractive ongoing activity were introduced? First, latencies of key pressing 
should be higher since the strength of the tendency for the ongoing behavior 
is greater and more time should be required to dominate it. Second, it would 
appear, at least on superficial examination, that the proportion of choices of 
keys would be unaffected unless there were special dependencies between 
the key responses and the tracking. On the other hand, it might take more 
trials to reach criterion because the experimental factors have their influence 
attenuated, for example, by preventing between-trials rehearsal. 

This account is admittedly sketchy and speculative, but viewed this way, 
past research on selective learning has been confined largely to the very 
special case where the tole of the ongoing activity is kept to a minimum. If 
the setting for selective learning is expanded to include explicit recognition 
of ongoing activity then an expanded theory is needed. Such a theory will 
deal with the basic question of what conditions need obtain in order for a 
shift in behavior to occur at all, as well as the question of which alternative 
will be selected. I wish I were able to report data pertinent to this kind of 
ar our success in this area has been greater with 


theory to you, but I can't. So f 
rats than with human subjects, and this is not the place to report rat data. In 
summary, then, it seems to me that if we take our definitions of response 
seriously we are led quite naturally and іп a straightforward manner to a 
broadened conception of selective learning. This conception emphasizes the 
es occurring within a trial and relates performance in selec- 


dynamic proces 
tive learning to characteristics of ongoing as well as alternative activities. 


VERBAL CONTROL 

Concern for the response in human selective learning leads in another 
direction. Put forthrightly, this direction is toward explicating the behavior 
process, including contributions from the verbal mechanism if appropriate, 
that takes place between receipt of a stimulus and the production of a re- 
sponse. Any theory in psychology aims at making valid statements about 


responses, and a the 


that he thinks are important. У 
] of theorizing t takes on the task of summarizing and 


orist is free to choose the responses that interest him or 


various effects on responses are sought out 
empirically, and one leve 
ts. Theory at this level does not attempt to answer the 


coordinating these effec 
Ee hat process a given variable exerts its effect. I think 


question of how or by w 
Noble's theory, as capture 

There is another level o 
This kind of theory may end up with 


d by the expression „= = a(i) ^, is an example here. 
f theory that does include statements of process. 
a mathematical statement relating R to S. 
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but it does so as a result of following through the processes of the theory. In 


this case the emphasis is on the effective agents operating within the theory 
that are responsible for the effects observed. This is the context into which I 
wish to insert a discussion of verbal control. 

The main premises of my discussion are that the verbal mechanism is 
often an important contributor to the behavior the experimenter observes in 
his subject and that our theories in general do not take this into account. This 
is the kind of point made elsewhere by Dulany (1961), Farber (1963), and 
Birch (1964). 

Consider the subject in a selective learning experiment. He is seated, 
instructed, and turned loose on the task. Now, he may be uncoope 
perhaps carelessly or perhaps maliciously, and all the experimenter can do is 
hope he is able to tell it so that he can throw the data out. But there is a 


deeper and theoretically more interesting issue involved than just identifying 


itive, 


errant subjects. The fact that experimenters can encounter uncooperative 
subjects should in itself raise the sobering questions of which determinants 
of the behavior are attributable to intended manipulations in the experiment 
and which are not and to what extent do our theories represent adequately 
the intervening processes of behavior, particularly as they might involve the 
verbal mechanism. 

To look further into this let us assume a cooperative subject, but one who 
might talk to himself. Behavior theories don't often make a place fora subject 
talking to himself, and I suspect the reason is that many of our theories for 
human beings are derived from theories for rats, and the issue of rat's talking 
to themselves seldom comes up. The point of concern here is not whether 
verbal responses obey different laws from other responses (as far as I know 


we have no reason to think they do) but rather whether a theory of the proc- 
é 


's bridging from stimulus to response in an articulate organism, known to 
provide self-instructions on occasion, can be satisfactory without including a 
place for verbal control. I submit that a subject's talking to himself is a crucial 
partofhis behavior in many situations. It may not be the part the experimenter 
is observing, it may be determined by variables the experimenter has not 
controlled, and it may give rise to additional determinants of the observed 
behavior that the experimenter is not counting on but, in general, it must be 
occurring. 

There are several things a subject might talk to himself about in selective 
learning. He might rehearse between trials. This is not so bad because it can 
just be included within the definition of a trial although certainly part of the 
total response process is unspecified, and one tr 


d тау not be very much lik d 
another if they can differ in rehearsal. The subject might discuss with him- 


self something about the order in which the stimuli occur. He might wonder 
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if the experimenter is changing the answers on him. Finally, and most im- 
portantly for my present concerns, the subject might plan ahead. That is, he 
-R trials as carefully designed by the 


may not behave in terms of discrete 
experimenter, but he may decide on trial n what he will do on trial n +j and 
perhaps on all intermediate trials. The reason this matters is that the actual 
motor response as observed and recorded is only a running off of the con- 
sequences of the verbalizations. It was the verbal response that was affected 
by the variables of the experiment, yet it is the motor response that is under 
treatment by the theory. 

This kind of planning ahead on the part ofa subject must force the theorist 
ing to account for 


either to reconsider the definition of the response he is tn 
or to re-examine his catalog of determinants of the response he is observing. 
The problem is even more serious if the theorist is primarily concerned with 
the process itself and is attempting a construction to that end. 

The most extensive and systematic theoretical work on the role of verbal 
control in human learning situations has been that of Dulany (1962). He has 
faced the problem head-on by writing a theory around the contributions of the 
verbal mechanism. Historically, there has been another method of approach; 
namely, to devise experimental situations in which verbal control of the re- 
e is thought not to occur, at least not directly. Studied under the label 


spons 
awareness, this domain has been a morass that a number 


of learning without 
have entered only to return wearied and thankful to get back onto apparently 
firmer theoretical and methodological ground. Nevertheless, this topic seems 
to me to cut to the heart of theorizing about human behavior and at the risk 


of injecting results into a discussion section, I would like to mention two of 
our experimental attempts. 

With our method the subject performs a task that is meaningful to him but 
which also allows us to measure aspects of his behavior that he is apparently 
not aware of. Specifically, we measure the speed with which the subject 
In one experiment cited by Noble these were 


reaches for his materials. 
puzzles which the subject was to solve and in another, more recent experi- 
ment, beads which signified gains or losses of money. For the latter ex- 
as assisted by Elizabeth Ligon, the arrangement for 


periment, in which I w: 
timing was improved by employing a proximity switch. On each trial the 
a button to indicate whether he thought he would win or 


subject pushed À x 
r of 100 beads, 50 of which were white 


lose and then reached into a containe 
and 50 colored. Three containers, yellow, 


beads they held and signifying losses of 1, 
A white bead uniformly won 5 cents. A clock started when the 


red and blue, matching the colored 


‚ or 10 cents, were presented 


equally often. 
subject pushed the win or lose button and stopped when he reached into the 


container. The subject was not told he was being timed, and he had no reason 
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to suspect it since he thought the button indicated his win-lose judgment and 
since the proximity switch stopped the clock without his knowledge. After 
173 trials the experimenter changed one of the containers from 50% to 0% win 
without the subjects knowing and gave 81 additional trials. No subject 
showed awareness of being timed when interviewed subsequently. 

For 38 male undergraduate subjects two main results were obtained: (1) 
an inverse relation of speed of reaching to magnitude of loss during pre- 
shift trials and (2) a decline in the speed of reaching to the container shifted 
to 0% win. These data show that speed of reaching, apparently not under the 
direct verbal control of the subject, is influenced by the incentive value of the 
outcome. The delicate question of whether the reaching is under indirect 
verbal control; i.e., is governed by direct verbal control over some correlated 
behavior, is not answered by these experiments. Certainly, however, the con- 
trol is different from that which would have been exerted had we asked the 
subject to indicate the degree of his anticipation ofa negative outcome by the 
speed with which he moved his hand, as we might have asked in a psycho- 
physical scaling experiment. 

It is more difficult to get satisfactory removal of direct verbal influence in 
selective learning situations of the classical form. In daily life there appear 
to be numerous occasions in which we make selections without an aware- 
ness of using intervening verbal processes, but obtaining an analog in the 
laboratory is most difficult. If we are to bring the processes of the theory into 
contact with the processes of behavior, however, we must either write a more 
elaborate theory or carry out more subtle experiments. 


Conclusions 


My purpose has been to declare for an expanded consideration of human 
selective learning, and in the last section I suggested two directions that I 
think might be taken. Both were derived from an interest in the details of the 
processes going on between stimulus amd response as they occur within any 
single trial. There is another direction of elaboration, that adopted by many 
of the stochastic | earning theorists, which is to undertake an account of more 
of the descriptive statistics of response protocols. 

There are numerous statistics available from the protocols which do not 
require any observations beyond the usually recorded key presses of the 
subjects. These statistics, some of which were mentioned previously, are 
generally computed for variable and sequential aspects of the data. In some 
cases (see R. C. Atkinson & Estes, 1963) there has been marked success in 
predicting the numerical values of many such statistic 


s by using only a small 
number of parameter values fitted from the data. 
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Broadening the domain of inquiry into selective learning in this way 
means asking the theory to deal more exhaustively with the data collected. 
Broadening it in the direction of a concern for dynamic processes means 
adjusting the foundations of the theory to support an additional input of data 
instigated by an expanded experimental methodology. 

One of the important sections of Noble’s chapter is the survey of con- 
temporary selective learning apparatus. He lists the major pieces of research 
equipment, gives references to sources of additional information, and pro- 
vides a valuable summary of the characteristics of each. One of the first 
requirements for advances in method is a clear picture of what existing equip- 
ment and. procedures accomplish for us now, and this picture has been pre- 
sented in this apparatus section. Further development of new equipment, and 
new methods more generally, is very important to the growth of our knowl- 
edge about human selective learning. The mutual dependence between 
theory and experiment that typifies psychology as a laboratory science will 
carry this study into a broader framework, I am sure, but explicit recognition 
of the self-imposed constraints within which we are working may speed our 


rejection of those constraints. 
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Chapter 3 
Individual Differences 


MARSHALL B. JONES 
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In an article in the Psychological Review in 1954 Edgar F. Borgatta 
announced to psychology and to the world a theory for the explanation of 
all behavior. This theory was absolutely general and capable of formulation 
with full mathematical rigor. He called it the General Theory of Equilibrium. 

“This theory states,” said Borgatta, "that for a given system composed of 
two or more elements, the average performance of the elements may be 
assessed. Then, it will be found that the performance of the individual ele- 
ments may be specified as a direct function of their distance from the average 
performance. Further, if the direction of difference is maintained, the sum of 
the differences will total to zero. In no case will it be negative. The beauty 
of this theory is that it has fitted all sets of data to which it has been applied.” 

Borgatta, of course, was spoofing. Nevertheless, the distinction upon 
which his theory rested makes a difference. Individual behavior can always 
be analyzed into typical or mean behavior and the individual’s deviation 
from it. This difference, between mean and deviant behavior, is the root fact 
7) called “the two disciplines 


from which have stemmed what Cronbach (19 
"rom it, all other differences between experimental 


of scientific psychology. 
and differential psychology are derived. 

Any experiment on motor behavior involves at least two experimental 
conditions. The experimental variation may. be distribution of practice, 
knowledge of results, the order in which two tasks are practiced, or many 
other things; but always there must be more than one experimental condition 
if conclusions are to be drawn. 

The purpose of an experiment is to determine the effects of the experi- 
mental conditions upon other variations which may be dependent upon them, 
s, therefore, the dependent data are always grouped according 


In the analys 
to the experimental conditions under which they were collected; there are 
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always at least two sets of data. The task of analysis is to compare these sets 


s sets. However, in order to make these com- 


of data and to compare them 
parisons the analyst must first determine which of the various behaviors 
which appeared under a given condition was characteristic or typical of it. 
This behavior is always a behavior of central tendency; almost always it is 
the mean behavior. 

For many years psychological tests were called “experiments.” The usage 


was incorrect because the administration of a psychological test involves a 
single test condition. It makes no difference how standardized or how objec- 
tive the test may be; nor how many tests there are; it is not an experiment. 
From it nothing can be learned about the condition under which the test was 
administered; and from it nothing can be learned about the determinants of 
mean behavior on the test. In the administration of one or more tests under 
one test condition, it is impossible to study mean behaviors because there is 
nothing to study; there is nothing with which to compare them. In psycho- 
logical testing deviations from the mean are all that can be studied. 

By the sime token, the experimentalist cannot study deviant behaviors. 
To him behaviors which deviate from the mean are "errors." In calling them 
errors he certainly intends no reflection on anyone else, because they are 
his errors. Deviations. from mean behavior are caused by circumstances 
which the experimenter has not controlled. To the extent that they exist the 
experimenter has chosen to study experimental conditions which are rela- 
tively unimportant determinants of the dependent behaviors, 

It must be recognized, of course, that there are many determinants which 
an experimenter cannot control, in the narrow 
every experiment must be performed 


t sense of this word. Since 


at some time, the experimenter cannot 
manipulate any event which took place before the experiment began. He 
cannot manipulate the genotype of his subjects, or their childhood experi- 
ences, or what happened to them in school. An experimenter can only 
manipulate present variations, and not all of them. There is, for example, 
little he can do about atmospheric electricity. Even those procedures about 
which he is most concerned cannot be carried out without some error. 

For the most part, it is precisely those things which experimenters cannot 
control that most interest differential psychologists. Genetic variations and 
early experience are the essence of their concern. It is a mistake, of course, 
to suppose that these matters cannot be studied experimentally. In animals 
they are, even today. However 


г, in an experimental area which works pri- 
marily with adult human subje 


cts the genotypes and previous experiences 
of these people are the principal source of individual variation within ex- 
perimental conditions. 


In the study of motor learning the hiatus between experimental and differ- 
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slowly being filled; but it is still deep. The experimenters 


ential psychology is 
are still primarily concerned with mean differences, they manipulate condi- 
tions of learning, and their results are referable to those conditions. The dif- 
ferential psychologists study deviations from the mean, they manipulate 
conditions only on occasion, and their findings are referable to events which 
happened before the experiment began. 

About these central differences a host of others have accumulated. Ex- 
ety of analysis of variance. 


perimental method is almost always some va 
Differential method is almost always correlational analysis. Experimental 
workers think in terms of retroactive and proactive inhibition, retention 
curves, and habit strengths. Students of individual differences think in terms 
of abilities, genetic contributions, and hypothetical factors. 

iplines are different. Differential ps 


Even the moods of the two dis 
chology is passive, speculative, and leisurely. Its data are given; they are 
found, not produced. In a burst of activity the differential psychologists make 
their observations and analyze them: then they relax into their arm chairs. 
are active, hard-boiled, and harried. Worlds are waiting 


The experimentalists 
to be conquered and their would-be conquerors perform experiment after 
experiment in an undignified scramble to discover them. 

Many people have lamented this division of psychological labor and called 
for a “united discipline" which can speak to Nature with a “single voice.” 
“In both applied and general scientific work,” said Cronbach (1957, p. 683) 
idential address to the APA, “psychology requires combined, not 
parallel, labors from our two historic disciplines. In this common labor, they 
will almost certainly become one, with a common theory, a common method, 
al betterment. In the search for inter- 


in his pr 


and common recommendations for soc 
actions we will invent new treatment dimensions and discover new dimen- 
sions of the organism. We will come to realize that organism and treatment 


are an inseparable pair and that no psychologist can dismiss one or the other 


as error variance." 

1 do not despise prophecy, 
bridged. It may be that we already have common recommendations for social 
betterment; but we most certainly do not have 
mon theories. And it is not at all clear how we might go about getting them. 
Perhaps, we should look for interactions, as Cronbach suggests. It may be 
allel labors will not suffice; but it may also be that the very paral- 
abors offers the best promise of a dialogue between the two 


but the existing division will not be easily 


common methods and com- 


that par: 
lelism of our! 


In motor learning mean changes occur with practice, within a single con- 
dition of learning. Since it is misleading to talk of these changes as experi- 


mental (when no experiment may have been performed), I will use the word 
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normative when I wish to speak of them. In this chapter normative refers 
to mean behavior, regardless of the context in which it occurs. 

Some normative events are not subject to experimentation. АП human 
beings must walk before they can run; and it is not likely that we will soon 
arrange things so that running comes first; nor is there any individual varia- 
tion in the order in which the two behaviors are acquired. In the sense that 
I use the word, walking and running are normatively ordered. Since all men 
must walk first and run later, walking first is also the mean behavior. 

In motor learning differential changes also occur with practice. They occur 
at the same time, in the same place, and in the same subjects. Because they 
do, there exists a possibility that there may be relationships between the two 
kinds of events. It may be that there are correspondences between normative 


changes in learning and the differential process which accompanies them. 
There may be correspondences between the two kinds of events in the de- 
velopment of motor behavior or in training. 

Were relationships of this sort to be found, they would not explain the 
results obtained in either line of inquiry. They would be empirical corre- 
spondences and no more. Nevertheless, science begins with correspond- 
ences. If we can find them in motor learning and motor behavior, we may 
find ourselves in need of new methods with which to study them. Someday 
we may even need new theory with which to explain them. 


Acquisition 


Whatever its theoretical interpretation may be, learning is accomplished 
through trials of practice. On cach trial every subject receives a score; and 
between scores on any two trials there exists a correlation. Since correla- 
tion is a symmetrical relationship, a correlation matrix which sets forth all 
these relationships contains n(n—1)/2 correlations, where n is the number of 
trials. Matrices of this description play a central role in the differential study 
of learning. 

The first correlational analysis of practice was carried out by Perl in 1934. 
She used four tasks and 20 trials on each task. In order to simplify the com- 
putational problem she singled out the Ist, 6th, 12th, and 19th trials for 
analysis. “The intercorrelations of scores on these different trials of the same 
task were computed,” wrote Perl, “and we found that for each test they 
tended to be arranged in an hierarchy, i.e., the 1st trial correlated higher 
with the 3rd than it did with the 6th, it correlated higher with the 6th than 
with the 12th, and so on. The nearer together in the series trials fall the higher 
the intercorrelations between scores on these trials” (p. 210). 

Since 1934, this finding has been repeated many times (Adams, 1953; 
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Edgerton and Valentine, 1935; Fleishman, 1953а; Fleishman & Parker, 1959; 
Greene, 1943; Houston, 1950; Melton, 1947, p. 1022; Reynolds, 1952a, b; 
Viteles, 1933). A study (Bilodeau, 1952) with the Two-Hand Coordination 
Test is a good example. The subjects were 152 basic airmen: the trials were 
60 seconds long, with 30-second rest intervals between trials. The correla- 
tions between the eight trials of practice appear in Table I. Each trial corre- 
lates strongest with the trials which immediately precede or follow it. The 
further we move across the rows (to the right) or up the columns the greater 
the sequential separation and the smaller the correlation between the trials. 
For example, moving across the third row the correlations go: +91, .89, .87, 
85. and .86. Along the fourth row they go: .91, .88, .86, and .88. In both rows 
there is an inversion in the last column. The last correlation in the third row 
should not be greater than .85; nor should the last correlation in the fourth 
row be greater than .86. However, with these two exceptions, and they are 
both minor, the matrix is organized according to the sequence in which the 
trials succeed one another. 

This pattern is called the superdiagonal form. It is named after the (n—1) 
correlations between neighboring trials, r, , , ,, which make up the super- 
diagonal. Each superdiagonal correlation is bottom-most in one of the vertical 
columns. 

The superdiagonal form is an ordinal pattern. It requires only that the 
correlations decrease or remain the same across the rows and up the columns. 
The magnitude of these decrements is not specified. For example, the corre- 
lations in the 5th column go: .91, .89, .84, and .73. The third of these corre- 
lations might have been .85, .86, or .87 instead of .84, and the requirements 
of superdiagonal form would still have been met. There is no quantitative 
law which the correlations must satisfy. 


TABLE I 
[IONS FOR THE TWO-HAND COORDINATION TEST” 


InTERTRIAL CORRE 


Trial x d$ X X; х5 Ns * Xs 
Xx 79 ACT 74 73 71 71 70 
* 87 87 84 82 82 82 
a5 91 89 87 85 86 
X, OL 88 86 88 
% 89 90 .90 
Xg 93 93 
X; 94 
Xa 


" After Jones (1962). 
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tive positions among the individuals may be completely scrambled with no 
change in the standard deviation. | 

A correlation coefficient reflects (inversely) differences in the alignment of 
individuals on the two variables. The stronger the correlation the more nearly: 
individuals are aligned alike; the weaker the corre 


dion the greater the 
differences between the two arrays. A correlation, therefore, between neigh- 
boring trials of practice reflects the magnitude of the differential step be- 
tween them. It measures differential change from one trial to the next. 

In the matrix of Table I these (superdiagonal) correlations go: .79, . 87. 
91, 91, .89, .93, and .94, With one exception, the correlations increase 
steadily. This increase in the superdiagonal correlations means that the 
differential process which accompanies practice on the Two-Hand Coordina- 
tion Test is negatively accelerated: as practice proceeds, the differential 
steps between successive trials get smaller. 

Since the superdiag 


onal correlations are inversely related to the magni- 
tude of the steps be 


tween neighboring trials, the proce of differential 
change is more clearly pictured if the correlation coefficient is transformed 
into its inverse, the coefficient of alienation, i.e., 


alienation = V ]— 


We need also to remember that the superdiagonal correlations (or alienation 
coefficients) are not measures of differential status but of change in differ- 
ential status, without regard to sign. They are comparable, therefore, not with 
mean performance but with 

In Fig. 1 the coefficie 
trial in the mean and standard deviation of performance on the Complex 
Coordination Test are presented. Practice in this study (Reynolds, 1952b) was 
distributed into six I-hour sessions. In each hour, performance in the first 
and in the last 20 minutes is plotted. 
third and fourth hours. 

In Fig. 1 the curve for diffe 
change. Both start high, be 
through the third hour. 

Over the lunch break there w 
drop) which was followe 
in the afternoon. 


absolute change in mean performance. 


nts of alienation and absolute changes from trial to 


There was a lunch break between the 


rential alienation parallels the one for mean 
tween the first and second periods, and decrease 


as a major change in mean performance (a 
d by generally decreasing changes (improvements) 


The same changes took place differentially, except that the differential 
effect of the lunch break was greater than its effect upon the means. 

Meanwhile, the changes in standard deviation follow an irregular but level 
course. 


In the case of the Complex Coordination Test normative and differential 
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Fic. 1. Superdiagonal coefficients of alienation and changes from one trial to the 
next in the mean and standard deviations on the Complex Coordination Test. 
changes during acquisition are roughly parallel. Nevertheless, there is in 
Fig. 1 a difference between the two proces 
more marked and more sustained. 

The smallest differential change during the morning hours occurred be- 
tween the third and fourth periods. Between the fourth and fifth and again 
between the fifth and sixth periods differential changes were somewhat 


s which in some other tests is 


larger. Between the same periods changes in the mean continued to decline. 
In the Rotary Pursuit (Fleishman, 1960) and Discrimination Reaction 
Time Tests (Fleishman & Hempel, 1955) the rate of differential change 
undergoes a clear change of sign. Mean change continues to decline through- 
out acquisition, but differential change after a pronounced initial drop in- 
creases slowly through the terminal phases of practice. 
The significance of these discrepancies is that differential change may 


2 


continue, in fact, it may increase, at stages of practice in which mean per- 


formance is nearing its asymptote and practice seems no longer to be having 


appreciable effects. 


CORRELATIONS WITH OTHER Tests 
At all stages of practice psychomotor tests correlate positively with each 
other. In fact, all tests of ability regardless of kind, scholastic, clerical, or 
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sensory, printed or apparatus, subtend positive correlations. In the early и s 
of psychological testing it was thought by some that a compensatory Aes $a 
ism might be built into human nature. People who were poor at reading mac e 
up for it by being good at something else. People who had unusual intel- 
lectual gifts had poor motor coordination. However, it became apparent carly 
in the use of psychological tests that nature was not equalitarian. People 
who did better than average in one area could be expected to do better than 
average in all other situations which called for maximal performance from the 
subjects. It was this fact which gave rise to Spearman's two-factor theory, 
Spearman hypothesized that all tests of ability depended in p 


art upon a gen- 
eral factor, which he called 


g, that was responsible for the positive correla- 
tions among tests of ability. 


In the mid-thirties Herbert Woodrow raised a related question. Every- 


body improves with practice on any test, but some people improve more 


than others. Woodrow wondered whether there might not be a general 
positivity among improvement scores in the same way that there was among 
raw scores on unpracticed tests. IF there was, he reasoned, the fact would 
have important implications for the theory of intelligence. 


Woodrow carried out several studies in this connection. In one of them 
(Woodrow, 1939a) 82 subjects were given 66 tri 
horizontal adding, substitution, two- 
subjects were also administered 21 
individual and for cach of the four tests which were practiced, Woodrow cal- 
culated an improvement score, which ¢ 
end of prac 


als of practice on four tests: 

and four-digit cancellation. The — 
; ractice. For each 

other tests without practice. For ¢ 


equalled the individual's score at the 
tice minus his score at the 
tions among improvement se 
correlations, moreover, 


beginning. He found that the correla- 
eres were low, on the order of .20 to .30. The 
between 

were also low. As often as not the 


was no general factor common to in 


improvement scores and the other tests 
У were negative. Не concluded that there 


provement scores. 
In the same study Woodrow also re 


21 unpracticed tests and initial and final pe 
ticed tests. The results appear in” 
performance tended to correlate 
final performance. 


ported the correlations between the 
rformance on each of the prac- 
Table III. In the case ofall four tests, initial 
better with the unpracticed tests than did 
The examination of psychomotor perform 
was deferred for 20 years. In the 195075, ] 
Air Force confirmed 


ance in relation to external tests 
ever, a series of studies from the 
and extended Woodrow's earlier results with printed 
tests. The principal study in this series was carried out by Adams in 1953. 

The subjects in Adams? study were 197 basic airmen. They were admin- 
istered 32 printed tests, 13 simple psychomotor tests, and 7 complex p 
chomotor tests. Al] of the complex psychomotor 


tests were practiced and 
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TABLE III 
TIONS OF 21 Unpracticep Tests 
RFORMANCE ON Four Pracricrp Tests" 


AVERAGE Corre 
wre Inmar ann Fixar P 


= Average correlation 
Test Ec шш У 
Initial Final 
Horizontal adding 30 19 
Substitution 22 аз 
Two-digit cancellation 15 10 
Four-digit cancellation 8 .16 


" After Woodrow (19394). 


none of the others. Practice was most extensive on the Complex Coordination 
Test (CCT), which served as the focal point of the investigation. 

Adams’ results are presented in Table IV. On the average, the printed 
tests correlated better with initial performance than with final performance 
on the CCT. The 13 simple psychomotor tests maintained their relationship 
to initial performance on the CCT, even increased it a little. Initial perform- 
ance on the six complex psychomotor tests other than the CCT behaved like 
the printed tests; it correlated better with initial than with final performance 
on the criterion test. However, final performance on the same six tests corre- 
lated better with final performance on the CCT than with initial performance. 

These results have been repeated by several investigators using many 


different psychomotor tests. The results have uniformly confirmed Adams’ 


TABLE IV 
AVERAGE CORRELATIONS OF 32 PN TER, 13 SIMPLE PSYCHOMOTOR, 
D 6 COMPLEX PSYCHOMOTOR TE 
wira IExrriar, AND Fixar PERFORMANCE ON THE COMPLEX COORDINATION Tesi" 


Average correlation with the CCT 


Kind of test Initial Final 
Printed 38 25 
Simple psychomotor 24 27 
Complex psychomotor 

Initial 45 38 

Final E 49 


" After Adams (1953). 
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findings. If two tests are widely dissimilar, practice on one of them gen- 
erally serves to reduce the correlation between the two tests. If they are 


alike, practice tends to increase the relationship between the tests, 
‘THEORY 


In a general way, there is considerable agreement as to the interpretation 
of the differential process which accompanies practice. Students of the sub- 
ject are agreed that the abilities at work in successive trials become progres- 
sively fewer with practice. The hypothesis was first proposed by Bradley 
Reynolds in 1952. Fleishman and Hempel (1953) reached the 
sion through factor analysis; and I reache 
without factor analysis (Jones 


same conclu- 
it on correlational grounds but 
‚ 1959, 1960). There is, however, disagreement 
as to the formal expression this consensus should take. Two theories domi- 
nate: a simplicial hypothesis and a factor-analytic one. 


In the case of an eight-trial matrix the simplicial hypothesis posits that 


x E+ s; 
% Sr +» 
X + 5 
LA + sy 
Xs ＋ 88 
% + 
* 4 
Xs i 


where x, is an individual’s score on the ith trial and f,, is his score on the inth 
factor. The f, are common factors, i.e., the 
The factors s, are specific f 
The simplicial hypothe is present in the 
first two trials and then drops out; f, acts in the first three trials only; f; is 
operative in all eight trials. 
These factors should not be 


we operative in at least two trials. 
actors which operate in a single 


trial only. 


515 states the consensus directl 


understood as unitary; they are composites 
of all differential elements which act in the first two trials, the first three, all 
eight, or whatever the span that the factor covers may be. 

The most powerful argument in favor of the simplicial hypothesis, aside 
from the clarity with which it states the consensus, is that the law of single 
tetrad differences follows from it. Under a simplicial hypothesis the correla- 
tion between trials i and j is 


T. 2 y 1/2 s 1/2 
„у= — : 
>, T. + Tsi ST =, 
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where 


Therefore, the tetrad equality 


Ty X Ty 


reduces to 


which is an identity. 

In addition to explaining the intertrial correlations and the law which 
also explains the relationships be- 
The factors which are present when 


governs them, the simplicial hypothes 
tween trials of practice and other tests 
practice begins but then drop out are more general than those which remain; 


they have a broader span. Tests, therefore, which are dissimilar to the one 
which is practiced are likely to relate to it through these more general factors. 
When they drop out, the intertest correlation goes down. 

If the two tests are alike, the relationship between them is likely to rest 
on those factors which persist in practice. Hence, the intertest correlation 
does not decrease with practice; and it may increase. The correlation between 
initial performance on two psychomotor tests is bolstered by widespread 
factors which subsequently drop out. At the same time, however, those 
factors which remain comprise less of the total variance in the early trials 
than they do later on. Therefore, if persistent factors in the two tests are 
closely related, the gain in intertest covariance which comes about through 
their increasing prominence may more than compensate for the loss of co- 
variance from the dropping out of more widespread factors. 

In the idea that differential elements become fewer with practice, we have 
a parallel with normative changes. Since the days of Bekhterev, experimental 
psychologists have been agreed that irrelevant responses are eliminated 
with practice, When they received shock for the first time, Bekhterev’s dogs 
jumped with all four feet. At the end of training they lifted their right front 
paw just the amount necessary to avoid shock. Similar processes take place in 
human learning. Practice, whether it is viewed normatively or differentially, 
seems to be a process of elimination, both of responses and of differential 
elements. 

The factor-analytic hypothesis is more difficult to state. In her original. 
study of trial intercorrelations, Perl (1934) performed a factor analysis. She 
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says of the results that, “in each case the factor loadings seem to increase from 
the first trial to about the middle trial used, and then decrease again to the 
end of the series. The second factor loadings seem to form an hierarchy going 
from a fairly large plus on the first trial to a low plus, then to a low minus 
and then to a larger minus on the last trial or else the same thing with the 
signs reversed" (p. 210). A year later Edgerton and Valentine (1935) repeated 
Perl’s study with different tasks; they obtained the same results that she had, 
with respect both to pattern of correlation and the results of factor-analvzine it. 

Though these early investigators did not realize it, there was an analytic 
connection between their empirical and factor-analytic results. The first 
person to appreciate this connection was Herbert Woodrow. 
gators,” wrote Woodrow (1939b, p. 459), 
been predicted from the fact that the 
less correlation with the first trial 


“These investi- 
“obtained a result which could have 
trials following the first show less and 
and more and more correlation with the last 
trial. The factor analysis of such a series is bound to give at least two factors. 
Then Woodrow described the results that Perl and Edgerton and Valen- 
tine had obtained. 


Woodrow’s statement of this connection, 
It remained for Louis Guttman in 1954 to state it fully. The principal com- 
ponents of any matrix which has the superdiagonal form obey what Guttman 
«Шей the “law of oscillations." The loadings on the first component are all 
positive and bigger in the middle than at either end. The 
second component undergo one ch 
and become negative or vice 


though correct, was incomplete. 


loadings on the 
ange of sign; either they begin positive 
versa. The loadings on the third component un- 
dergo two changes of sign; if they are plotted against trials, the locus is 
U-shaped. The loadings on cach additional component undergo an additional 
change of sign. 

Guttman's law is one form which the f 


actor-analytic hypothesis may take. 
As an interpretation of the 


superdiagonal forms of practice, it is open to two 
major objections. The first is that it does not st 
tice is a process of elimin 
variables which enter 


ate the consensus that prac- 
ation. The law of oscillations presupposes that the 
into the matrix have been ar 
this respect it differs from the usual factor-analytic formulation, which takes 
no account of order. However, the pattern which it requires of the factor 
loadings, though orderly, stands in 

A consequence of this fi 


шей in serial order; in 


n0 obvious relation to simplification. 
аге is that the factor- 


analytic hypothesis does 
not explain the relationships be 


tween trials of practice 
the idea of simplification which makes possible an under 
lationships, and the factor-analytic hypothesis doe 
ciple, the decrease with practice in 
psychomotor tests might be e 


and other tests. It is 


tanding of these re- 
s not contain it. In prin- 
the correlation between printed and 
xplained in some other way. But the law of 
oscillations gives us no inkling as to what it might be. 
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The second objection is that the law of single tetrad differences does not 


follow from the hypothesis. It is true that all superdiagonal forms generate 
factor structures which obey Guttman's law; but it is not true that all factor 
structures which obey the law of oscillations generate superdiagonal forms. 
The direction in which the logic runs is just the reverse of what it ought to 
be. The “theory” follows from the data, instead of the other way around. 
Another way to put the factor-analytic view is to list the loadings of every 
trial on every factor. In this form the hypothesis explains the correlations. If 
each trial loads on hypothetical factors in the manner specified by the hypoth- 
then each correlation ought to be what it is. 
This second formulation, however, is subject to the same two objections 


esi 


as the first. It does not state the consensus but presents us with lists of num- 
bers. And the law of single tetrad differences does not follow from it. In this 
second form, the factor-analytic hypothesis is numerical. It reproduces the 
correlations; but it does so by enumeration, without explaining the law which 


rules them. 


EXPERIMENTAL STUDIES 


Differential processes take place during practice with no change in con- 
trolled conditions. If these conditions are changed, then the form and con- 
tent of the differential process may change with them, Fleishman (1957), for 
example, has shown that if the same task is used but its difficulty is changed, 
then the correlations of the trials with reference tests change also. 

Task difficulty, of course, is only one among many experimental varia- 
tions that may be studied. In another study Fleishman (1953a) gave standard 


and experimental forms of the Rudder Control Test to two groups of air cade 
One group took the standard and the other the experimental test first. Since 
there were six trials of practice on the standard and four on the experimental 
test, there were 15 correlations within the standard test, 6 within the experi- 
mental, and 24 between the tests, under either order of administration. In 
Table V the averages for each of these groups of correlations are presented. 

With respect to differential relationships the standard test was more dis- 
turbed by following the experimental test than vice versa. 

For both tests the average within-test correlation was lower when the test 
came second than when it came first; but the drop was greater for the stand- 
ard test. 

The average correlation between tests was greater when the standard test 


ond. 


came first than when it came se 
The patterns of within-test correlations are not presented, but they were 
superdiagonal forms for both tests under both administrations. However, the 


pattern. was rougher for the standard test when it came second than when it 
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TABLE V 
ATIONS WITHIN AND BETWEEN 

PERIMENTAL Forms or ru Repper Coxrnor. Test 
TANDARD FORM WAS ADMINIS 


AVERAGE CORRE 
STANDARD AND Es 
WHEN THE $ 


RED FIRST AND WHEN THE 
EXPERIMENTAL Form was ADMINISTERED Finst” 


Correlation Standard first Experimental first 
Standard-standard 64 AS 
Experimental-experimental 76 83 
Standard-experimental AB 32 


“After Fleishman (19534). 


came first, while the patterns of correlation within the experimental test were 
smooth superdiagonal forms under both administrations. 

When the standard test came first, the pattern of between-test correlations 
was very regular; in fact with the standard test first, the whole matrix had 
regular superdiagonal form. However, with the experimental test first, the 
pattern of between-test correlations was rough. 

It is significant that in neither of these studie 
normative results. The usual thing is the 
ported but not differential. Neverthe 


s did Fleishman report any 
opposite; normative results are re- 
less, in any experimental study of motor 
learning both kinds of information are available. We know a great deal about 
the normative effects of many experimental variations; but we know next to 
nothing about the differential consequ 
there may be relationships betw 
example, that the amount of 
when it follows upon another 
tween the two tasks. 


ences of the same variations. And 
een the two orders of events. It may be, for 
differential disturbance produced in one task 


bears a relationship to transfer of training be- 


Relearning and Recall 


The usual approach to the 
learning, A task is learned 
several additional trials are administered. The retention 
do not differ in their instructions or procedure 
learning. The subject is not asked to rec 
learning; he is asked again to perform the 

Studies of motor skill retention h 


study of memory is through retention or re- 
and then, at v; 


arying intervals afterwards, one or 
1 or relearning trials 
s from the trials of original 
all how or what he did in original 
task as best he can. 


ave uniformly found curves which de- 


INDIVIDUAL DIFFERENCES 125 


cline at a slow rate. And the losses are quickly regained in short periods of 
relearning. In only one study (Fleishman & Parker, 1962) have correlational 
results been reported; it concerned a complex tracking task. Three groups 
of subjects (of 10 each) learned the tracking task “оп their own,” without 
additional instruction. Each group was tested for retention once, after 9, 14, 
or 24 months of no practice. Four more groups of subjects (also of 10 each) 
were trained with supplementary demonstration and explanation of the task. 
Each of these groups was also retested once, after 1, 5, 9, and 14 months. 

In all seven groups there was very little mean decrement in performance 
over periods of no practice as long as two years. Original learning reached 
slightly higher levels, for the same amount of practice, in the groups which 
had received supplementary instruction; and retention was slightly higher 


in these four groups. 

Correlations between individual performance at the end of original train- 
ing and in retention testing were high, ranging from .80 to .98; they were 
slightly higher for the groups which had received formal instruction. Sixty- 
four percent of the variance in individual performance at retesting was attrib- 
utable to differences in original learning and only 10% to the retention 
interval. 


In order to avoid prac 
d different groups of subjects to determine retention over 


tice effects, experimental studies of psychomotor 


retention have use 
different periods of time. The consequence is that we do not have correla- 
tions among retention trials, but only between each retention trial and 
original learning. However, retention trials do not differ from trials of prac- 
tice except for the long interv : 
tice take the superdiagonal form regardless of massing or 


als of time between them; and correlations be- 
tween trials of prac Х 
distribution of practice. We have every reason, therefore, to expect that corre- 
ntion trials would also have the superdiagonal form. 


lations among rete : 
approach to the study of memory is to ask a subject not to 


An alternative 
do the best he can on a previously practiced task but to recall a motor or 
verbal event which took place at some time past. In the past few years 
orkers have conducted several experiments in which 


Bilodeau and his соел 
recall, i:e., remembrance of past events, rather than relearning or retention 


has been studied. 

In one of these studies (Bilodeau, Jones, & Levy, 1964) subjects were 
first asked to move a manual lever through an arc until it ran up against a 
stop. The stop was removed and the subject asked to move the lever to the 
point where the stop had been. This response was called Ro. The subject 
was told that he had missed the target point by an arbitrary number of units. 
This information was called KRo. After 3 minutes, 20 minutes, 2 days, and 6 
weeks the same subjects were asked to recall Ro (by moving the lever) and 
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Ку (verbally). These responses were called Ius „R. gud KR KR,, re- 
spectively.! 

In Table VI the correlations among KR)... KR; are presented. They have 
the familiar superdiagonal form. Neighboring attempts at recall correlate 
more strongly with each other than more separated attempts. 


The correlations among R,,...,Ry appear in Table УП; and they do not 


ations fall into a “monotonic 
the upper left-hand corner, the 
‚апа in between the correlations 
e rows (to the right) or down the columns. 
like superdiagonal forms, are ordinal patterns. 
They do not necessarily obey any exact regularity; but they may, as in this 
instance they do. The correlations in Л 
double tetrad differences. The 


have the superdiagonal form. Instead, the correl 
hierarchy.” The largest correlation is in 
smallest is in the lower right-hand corner 
decrease as we move across th 

Monotonic hierarchies, 


Table VII obey Spearman’s law of 
two differences equal (001 and 027. 


TABLE VI 
TIONS AMONG Foun Successive Ат 
о Recaut KR, ix ти 


APTS 


IRIMENT 
BY Biro 1, JONES, AND Levy (1964) 
Recall Attempt KR, KR, KR, KR, 
KR, вт 92 39 
KR, 39 
KR, 49 
KR, 


TABLE VII 


CORRELATIONS AMON 


Four Successive ATTEMPTS + 


TO 
"HE LEVERING Response Ro iN THE 
EXPEHIMENT ву Biropia etal. (1964) 
Recall attempt R, R R, R; 
R; 72 61 44 
R 58 15 
Ry 38 
R; 


] А А 
The experiment was more complicated than it 
another group of subjects 


and an additional res} 
tioned here, 


appears in this account. There 
was 
)onse 


neither of which is men- 
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This pattern is exceptional in correlations among successive trials which 
are normatively the same. The exception involves recall of a motor event. 
How significant this circumstance is remains to be determined. In any event, 
this particular matrix cannot be interpreted in the same terms as the super- 
diagonal forms of practice or recall of KR. 

If we suppose that successive attempts to recall the levering response in- 


volve a single common factor, i.e., if 
R = g 5, 
Re = g + 5, 


Ry = & + 5з, 


Ry = g + 5, 


where s, is specific to R, the correlations will form a monotonic hierarchy 
s the law of double tetrad differences. 

results Bilodeau et al. identified g with the 
memory trace of Ri.? With the passage of time and the intervention of retro- 
acting events (including previous attempts at re all), this trace is attenuated 
The correlations of each recall 


which obey 
In their interpretation of these 


by increasing amounts of random error, the s,. 
attempt with the one common factor, 


zo oh 
RE gw 


à 
able VII these correlations are .85, .85, 70, and .55 for Ri, 
As random error accumulates, the accuracy of 


In the case of“ 
Ry, Ry, and Ry, respectively. 
recall becomes progressively worse. 

The variances of successive recall 
proportional to the decay of | What appears, there- 
ill is attended by an in- 


attempts increase with time 


and in a manner roughly 


fore, to happen is that each successive attempt at re 


ariance which obfuscates retrieval of Ri. 


crement in unrelated v 
iance are not clear from the 


The sources of this accumulating specific va 
experiment by Bilodeau and his co-workers; nor is the prevalence of mono- 
tonic hierarchies in the recall of motor 
essive trials, whether of le 
ast refreshing; and it may be more. 


and verbal events. But the occurrence 


` А ming. retenti laarin 
of a pattern in suce rning, retention, relearning, 


or recall, which is not superdiagonal is at le 


2 The correlations for Ro, the training response, though they had the correct form, 


ie, decreasing with time, did not participate in the monotonic hierarchy; they were 
fou low, For some reason, the sülifects apparently chose to model their later responses 
of recall not on the training response as demanded by the experimenter but on the first 
recall response. Only one training trial was used and the subjects were not told that 
they would be tested for retention; these procedures may have contributed to the low 


level of correlation for Ro. 
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Inheritance 
If there is any one book with which differential psychology may be said to 
have begun, it is Francis Galton’s Hereditary Genius. The bulk of Galton's 
text was concerned with the inheritance of those intellectual and personal 
qualities which make for eminence in judges, commanders, literary men, 
musicians, scientists, painters. However, Galton also considered. familial 
tendencies in two distinctly motor vocations, rowing and wrestling. 

“In respect to oarsmen,” said Galton (1887, p. 305), 
reader that they are no insignificant fraction of the —no mere 
waifs and strays from those who follow more civilized pursuits. A perfect 
passion for rowing pervades large classes. At Newe 
takes place, all business is at a standstill, factori 
shut, and offices deserted, The 
of the career is very gre 


"let me assure the 
communit 


astle, when a great race 


s are closed, shops are 
number of men who fall within the attr 
t; and there can be no doubt that 
of those who are qualified to succeed brilliantly 
pursue it.” 


action 


a large proportion 
‚ obey the attraction and 


Galton compiled information on all men who had rowed with distinction 
on either the Tyne or the Thames in the preceding 26 years, “The 
said Galton, “are not picked and chosen, but the best men have be 
of whom any certain knowledge could be obtained.” 
oarsmen into two broad с 
calculated that not 1 m 


ames, 


taken 
Calton classified his 
ood and excellent. He 
er rank and less than 1 in 


ategories of eminence: g 
an in 10 attained the low 
1,000 became an excellent oarsman. 

Galton found a total of 35 me 
oarsmen sufficient to rank the 
men 33 were related to one 
6 families with 2 e 


n who had attained a degree of eminence as 
m in either of these two grades. Of these 35 
or more of the other eminent oarsmen. There were 
minent oarsmen, 2 with 3, 1 with 5, and 1 with 10. The 


most remarkable of these was the family of Clasper; the family relationships 


of the ten oarsmen appear in Fig, 2, 


Ф 


Edward Hawkes 


X Closper, X Ф 
о keelman 
@ T T zb M 1 
Непгу William Edword Robert Richard John" 


Thomos 


John Hawkes" 


Fic. 2. The family of C 


lasper (after Galton, 1887). N. 
are excellent oarsmen; 


ames marked with an asterisk 
others are good, 


INDIVIDUAL DIFFERENCES 129 


The eponym of the family was Henry Clasper. “He was,” wrote Galton, 
“for many years stroke of a four-oared crew, and frequently the whole crew, 
including the coxswain, were members of the Clasper family. For eight years 
this crew won the championshiy of the Tyne. Six times Henry pulled stroke 
for the crew winning the championship of the Thames, and Coombes de- 
clared that he was the best stroke that ever pulled.” Henry’s brother, Richard, 
was only slightly less distinguished, and another brother, Edward, ranked 
as a good rower despite the disadvantage of having losta leg. 
ance have been criticized principally on the 
is not conclusive evidence of hereditary 


Galton's studies of inherit 
grounds that familial tendency 
gifts. In a family like Clasper's 
ambitions of all its male members. At a very early age they must have pre- 
. And this preparation may have had a bearing 


rowing must certainly have dominated the 


pared for an oarsman's Career. 
on their phenomenal success. 

The figures on oarsmen may 
According to Galton's estimates, the ratio of good to excellent oarsmen was 
roughly 100 to 1. Nevertheless, in the list of names he gave the ratio was 1 
llent as good oarsmen. The most likely reason 
'as more difficult to obtain "certain knowledge" 
Still, if the 1600-odd good oarsmen which 
id also been listed, it is possible that Galton's 


also be questioned on technical grounds. 


to 1; there were as many exce 
for this discrepancy is that it v 
about less distinguished men. 
Galton was not able to locate h 
figures would have been less impre 

With human subjects it is not е 
transmission. An approach which reduces the extent of the problem is to 
study young children. Individual differences in behavior are present in the 
first few months of life and persist without much change through the first 
ist (Thomas, Chess, Birch, Hertzig, & Korn, 1964). Some of 
s, like activity or the responsiveness of a child to external 


ssive. 
asy to distinguish familial from genetic 


at lez 
these difference 
stimulation, involve heavy motor components. 
The study of young twins carries the argument further. Freedman and 
Keller (1963) followed 11 pairs of frate 
a monthly basis through the first year of life. The twins' behavior was evalu- 
ated on the Bayley Mental and Motor 5 
Profile. Within-pair differences in all $ 
identical than between fraternal twins. 
In twin studies environmentalists usually advance the argument that 
identical twins tend to imitate each other, to identify with each other, and 
that their observed likeness to each other is secondary to these psychological 
processes rather than their genetic identitr. However, in Freedman and 
Keller's study this argument does not apply. In the first year of life infants 


do not respond to each other at all, much less imitate each other. 


two years, 


rnal and 9 pairs of identical twins on 


sales and the Bayley Infant Behavior 
ales were much smaller between 


130 MARSHALL В. JONES 


Similar differences between identical and fraternal twins have also been 
observed at the adult level. In 1933 MeNemar studied the 
46 pairs of fraternal and 47 pairs of identical twins ou the 
rotor, steadiness, speed drill, spool packing, and card 
heritability coefficients appear in Table VIII; 


performance of 
Koerth pursuit 
sorting tests. Holzinger 


these coefficients. state the 
proportion of the variance within families which is attributable to genetic 
variations. For the pursuit rotor, steadiness, and speed drill tests the herit- 
abilities are high; for card sorting heritability is moderate and for spool 
packing, it is low. 


On three of these tes 


* pursuit rotor, spool packing, and card sorting, the 
twins were given seven trials of practice. In Table IX Holzinger heritabilities 
for the first two and the last two trials are presented. In 
heritabilities tend to be lower at the 
the case of the pursuit rotor and c 
slight and easy 


all three cases these 
end of practice than at the beginning. In 
ard sorting tests the decline is rel 
. In the spool packing test, there 
cept on the first trial; thereafter, 


atively 
is no heritable variance ex- 
it disappears altogether., 


TABLE VHI 
Horzixcer НЕвггАвилтү COEFFICIENI 


TS (CORRECTED FOR AGE) 
IN 46 Pains or 


FRATERNAL AND 47 Pains OF IDENTICAL TWINS 
ON Five Psycuomoror Tests 


Test Heritability 
Pursuit rotor 90 
Steadiness 80 
Speed drill 69 
Spool packing 25 
Card. sorting AG 


“After MeNemar (1933). 


TABLE IX 

Horzisckn НЕнггАвилтү Corrric 
IN 46 Pairs оғ FRATERNAL 
ON Trans 1, 2, 6, 


NTS (Corre 
AND AT Pains oF [ps 
ND 7 IN Tuner 


FOR AGE) 
ICAL Twins 
Tests oF Moron Skit.” 


Test 1 2 6 ү 
Pursuit rotor 78 T :64 бт 
Spool packing 28 ~.02 1% 02 
Card sorting AB 51 31 аз 
After MeNemar (1933). 
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There is one other study in the literature which concerns itself with the 
magnitude of genetic contributions at different stages of practice (Brody, 
1937); it found no change with practice on the Minnesota Spatial Relations 
Test. 
fore, that genetic contributions tend to be more prominent 


It appears, ther 
at the beginning of practice than later on. However, these twin studies are 
now almost 30 years old; it might be profitable to take up these questions 


again. 


x Classification 


Many attempts to group psychomotor tests into categories, to develop 
some sort of task classification, are normative. They are based on features 
of the task which do not vary with the individuals who work at it. The tri- 
chotomy of printed, manipulative, and apparatus tests is a normative break- 
down. So is the contrast of short and long tests. In standardized tes 


terials and procedures do not vary from one person to the next. 
is differential. In a general way, two tests fall 


s, ma- 


A second kind of taxonomy 
into the same category if they а 
into different categories if they are not. 
two kinds of taxonomy there exists an odd sort of corre- 


re strongly correlated with one another, and 


Between these 
spondence. In a group of tests which correlate positively with each other 
it is often possible to indicate the normative elements upon which the dif- 
ferential communality appears to rest. It may be that all of the tests in- 
volve rapid movements of the wrists and fingers or eye-hand coordination or 


different sense modalities. In other cases, the normative communalities are 


unclear or only guessed at. 

The correlation between two tests is a precise statement of their differ- 
ential similarity. 
they are absolute numbers, ent 


which subtend them. For this reason, 
as everywhere in testing are differential. Unfortunately, 


Anv two correlations may be compared directly, because 
irely independent in their terms of the tests 
the dominant taxonomies in psy- 


chomotor learning 
the uncertainty of their normative bases is equally general. 

This sention of the chapter is entitled “Task Classification,” which, though 
it may seem innocent, is not. It reflects a bias on my part which is not shared 
by the majority of my colleagues. Most differential psychologists would have 


called this section “Psychomotor Abilities.” This difference in language re- 
calls a tradition which goes back to instinct and faculty psychology. Accord- 


ing to the majority view, psychomotor learning is a "domain" of behavior. 


Individual differences within it are classified into a finite number of “human 
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abilities.” And the task of the differential psychologist is to “measure” these 
abilities. If he succeeds in this effort, then the whole domain of psychomotor 
learning has been properly desc 


ribed and accounted for. 

The alternative view is that the number of abilities in psychomotor learn- 
ing is indefinitely large. It points out that the number of abilities which 
psychologists have found necessary to describe the various domains of be- 
havior has steadily increased. There was a day when the major question 
which troubled students of these matters was whether or not all of the apti- 
tude domains were to be understood in terms of one or several abilities. For 
a while in the 1930's psychologists felt that they had identified seven so- 
called primary abilities. Twenty years later (19 


) Guilford found it neces- 
sary to posit some 40 or so abilities in the cognitive domain alone, 

It also calls attention to the fact that even the factor analysts name their 
abilities after the tests in terms of which they are identified. Individual 
differences on a single task are referable to the various biographies of the 
subjects. But the relationship between two tests is a function of the tests. 

According to the minority view, differential elements arise in the first 
instance and are organized according to genetic, physiological, and learning 
principles which bear no essential relationship to the correlations we ob- 
Serve among tests. These correlations are determined by the tests. by the 
specific combinations of elements upon which they draw. Correlations among 


tests reflect the organization of the tests, not the people who take them. 


If this view is correct, the number of factors which can be discovered in 
any area is not limited by any organization inherent in human beings. It is 


limited only by the industry and creativity of test makers, 


DIFFERENTIAL FACTORS IN Psycnomoror Tr: 


is 

Existing classifications of differential components in Psychomotor tests 
are exclusively factor analytic. In this technique the variance of each test 
is resolved into the test’s loadings on several hypothetical factors; the reso- 
lution is effected through analysis of the correlations among the te 

There has always been some doubt as to what it is that f 
resolutions ; 


sts. 
actor-analytic 
ssert about the correlations from which they are derived; but 
this chapter is an inappropriate place in which to attempt a clarification of 
the question. However the matter is put, factor analysts have ге 
ment with respect to several factors which operate in 
(Fleishman, 1953b, 1954). 

A factor called wrist-finger speed has been identified in se 
and aiming tests. Its loadings suggest that it is independent of eye-hand 
coordination. For example, the speed with which à person can tap E pencil, 
without regard to where he taps it, loads high on the 


ached agree- 
psychomotor tasks 


veral tapping 


factor. However, if 
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taps are scored only when they fall within a small circle, tapping speed loads 
low; and the smaller the circle the lower the loading. 

Aiming is supplementary to wrist-finger speed. It also involve 
tests which require precise positioning of each tap load highest on the factor. 
Eye-hand coordination appears to be essential. The factor appears in printed 


speed, but 


tests only. 

The Purdue Pegboard and O'Connor Finger Dexterity Tests have high 
loadings on finger dexterity. Both tests require precise manipulation of small 
objects, like pegs or pins. Sensing with the fingertips is essential. 

Manual dexterity is like finger dexterity except that it concerns larger ob- 
jects. Tests which load on it do not require sensing with the fingertips. 

Tests which require a subject to hold an object stationary, for example, 
loes not touch the sides of a small hole, load heavily 


to hold a stylus so that it c 
re asked to move an 


on steadiness. The factor also appears when subjects 
d manner, for example, in a track so that the 


object in a highly controlle 
stylus does not touch the sides. 


Psychomotor coordination is found 
like the Rotary Pursuit, Rudder Control, and Complex Coordination Tests. 


The normative basis of this factor has been rather vaguely described as 


almost exclusively in apparatus tests, 


“representing either coordination of the body, in movements of moderate 


scope, or coordination of such movements with the perception of a visual 
stimulus.” 


Other factors in psychomotor tas 
among the most frequently found. 


have been described, but the six which 


have been mentioned are 


Іх NAL STRUCTURE 


Preoceupation with the relationships between psychomotor tasks has 
tended to obscure the equally important question of their internal structure. 
of several identifiable components, how does performance 


If a task consists = 
late to performance on the whole 


of these components re 


on any one or more 
studies in the literature which deal with this 


task? There are very few 
question. 

In one of them, 
who “had received a v 
strated a stable level of performance,’ 


idi 1 7 Daren 
ss on the Multidimensional Pursuit 
ese components corresponded to meters, 


E. A. Bilodeau (1957) used a single subject. This man, 
rable amount of practice and had demon- 
> was administered 48 trials on each of 
Test. The most inclusive of these 


ery conside 


four tas 


tasks contained four components. Th 
sading (H), altitude (A), bank (B), and air speed (S). The sub- 


one each for h 
p all of the meters centered through manipulation of 


ject’s task was to kee 
appropriate controls. 


The subject’s performance was evaluated as the proportion of each 1- 
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minute trial that he was on target. There were, therefore, four time-on-target 
scores in each trial, one for each meter. 

There were also six further time-on-target scores for the meters taken in 
pairs. For each pair of meters the score was the proportion of the time that 
he was on target in both meters. 

Similarly there were four time-on-target scores for the meters taken in 
threes. The score was the proportion of the time that the subject was on target 
in all three meters. 

And finally there was the Proportion of cach trial that the subject was on 
target in all four meters. 

Bilodeau found that a simple multiplicative rule controlled the relation- 
ships between time-on-target scores for individual meters and composite 
scores for two or more meters, In any given trial, 


if the subject was on target 
half of the time in meter A and half of the time 


in meter B, he was on target 
in both of them one quarter of the time. If his time-on-t 


arget scores for the 
four meters individually were 


В = 5. 
S —.6, 


then his time-on-target scores in the same trial for the composite 
(AB) = (A) (В): 8 x.5= 40, 


(ABH) = (А) (В) (Н) =.8 x .5 x .7 = 28. 
(АВН) = (A) (B) (Н) (S) = .8 х .5*.7x 6 .168, 


scores were 


and similarly for the other combinations, Calculating predicted scores 
ing to this rule Bilodeau obtained correlations over trials betwe 
and observed values of 89. .88, and .91 for the 
and (ABHS), respectively. 

Bilodeau also found that the correlations among time 


accord- 
en predicted 
composites (AB), (ABH), 


-on-target scores for 
the individual meters were low. It followed from this result that the same rule 
which governed the trial scores also held for the means over trials, i.e., that 


(AB) = (A) (B), 
(АВН) = (А) (B) (П), 


(АВН) = (A) (B) (1H) (S). 
For this опе subject, average performance on the 
simple multiplicative function of aver 
ponent tasks. 


composite tasks was a 
rage performance on each of the com- 


This study concerned intratask relationships in one 


individual. It was not, 
therefore, directly concerned with 


individual differences, However, in 


another study Bilodeau (1955) administered the Multidimensional Pursuit 
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Test to 72 basic airmen. He found that the same multiplicative rule which 
held within a subject also held between subjects. He also found that in- 
dividual differences in performance on the single meters, A, В, Н, and S, 
were roughly independent of each other. 

In this 72-subject study Bilodeau did not present correlations among the 
various components. But it wasn't necessary. If the components were 
arranged in order of increasing complexity, ite, А, AB, ABH, ABHS, the 
correlations would necessarily fall into a superdiagonal form which obeyed 
the law of single tetrad differences. 

This same conclusion also applies to correlations among A, AB, ABH, 
and ABHS, within a subject. In his single-subject study Bilodeau presented 
these correlations; they appear in Table X. The correlations have the super- 
diagonal form and the tetrad difference equals .022. 
such that each member in the 


This result is general. In a series of tas 
series includes the components of every task which precedes it, the corre- 
lations between tasks will fall into the superdiagonal form and obey the law 
of single tetrad differences. Only one hypothesis is necessary, namely, that 
individual differences in the component behaviors are independent. It makes 
no difference whether the more complex tasks are additive or multiplicative 
functions of their parts. Even when more complicated functions are con- 
v little what they are; as long as the component be- 


sidered, it matters v : 
haviors are differentially independent, the correlation pattern follows from 


the inclusion of each task in those which follow it. 
sitions we have a fundamental connection between norma- 
ationships. The parts of a task are defined by its ma- 


In these prope 


live and differential rel ‹ : 
terials and procedures. Though different individuals perform differently in 
all of them, the parts themselves are normatively defined. In the Multidi- 
mensional Pursuit Test every subject performed in some fashion with re- 
spect to all four meters; the composition of the task was the same for everyone, 


TABLE X 


AMONG Four Tasks or [NCREA COMPLEXITY 


CORRELATIONS 


was Е SUBJECT” 
Task A AB АВН рте 
А E " = 
АВ ‘Bd = 
АВН 55 
ABHS 


" After Bilodeau (1957). 
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Superdiagonal patterns do not necessarily imply normative inclusion. The 
superdiagonal forms of practice are obvious examples. In practice the norma- 


tive requirements of the task do not change. What happens is that each suc- 
cessive trial draws upon fewer and fewer elements in the differential back- 
ground of the subjects. 

(It is also worth noting that in practice complexity decreases with time, 
whereas in the building of tasks one upon another complexity typically in- 
creases with time. The superdiagonal form is indifferent with respect to the 
relationship of time to increasing or decreasing complexity.) 

Nevertheless 


the basic principle remains: wherever we observe that 
tasks are built one upon another, we know that the correlations 
will take the superdiagonal form as long 
which are differentially independent. 


among them 
as the tasks are composed of parts 


Selection 
Personnel selection is the principal point of application of differential psy- 
chology. In any training or employment program some people do better than 
others, and some attrite. If there are enough applicants and their prospects 
ап be identified in advance, admiss 
applicants who are likely to do well. 


ions to the program can be limited to 
The procedure for approaching this problem has become standard. First, 
a selection battery is constructed. Biographical information is collected from 
a sample of applicants and a variety of tests is given. Among those applicants 
who are admitted to training or employment, correlations are 


computed be- 
tween criterion performance, proficiency or attrition, and cach individual 
test or item. The tests and items are then combined into an additive com- 
posite which correlates maximally with the criterion, 

Once constructed, the selection battery is cross-validated. The tests or 
items which enter into the battery are administered to a new 
applicants and the correlation is computed between the 
as determined in the first sample, and the criterion. 
is the validity coefficient of the battery, 

In practice this procedure is rarely carried out in detail. A test w 
found useful in an allied program is simply taken ove 
no check is made on its validity, even in large gove 


sample of 
battery composite, 
This second correlation 


hich was 
rand used. Frequently 
rnmental programs. Some- 
times, as in the OSS program during World War П, little or 
given to what the criterion is supposed to be. 

Almost all psychological tests 


no thought is 


used in personnel selection are printed. 


In programs in which the criterion behaviors may be assessed by printed 
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tests, for example, in school situations, predictive validities occasionally 
range above .50. but not often. In programs in which the criterion behaviors 
s in pilot training, dentistry, machine 
homotor vocation, predictive validities 
- are much less. The Navy pilot 
selection program has always relied exclusively upon printed tests. Predic- 


tive validities in the Navy program have rarely reached the . 40's; in most 


Samples they fall in the .30’s. 

It needs to be recalled that these coe 
cants. If the figures were corrected so as to 
Would be ifall applicants were admitted, validities would be higher. 
like the O'Connor Finger Dexterity, Purdue 
ation tests, have been widely 


cannot be assessed Бу printed tests 


Operati Я 
»peration, or any other genuinely ps) 
in exce 5 

|! excess of 50 are unknown; usually the 


ficients are based on admitted appli- 
estimate what the correlations 


В Simple manipulative tests, : 
egboard, and Minnesota Rate of Manipul 
used in industry, The O'Connor test has been used in the selection of elec- 
trical fixture assemblers, radio assemblers, power-sewing machine operators, 
rators, can packers, and dentai students 
ered a useful test. Validity coefficients 
ange from —.10 to .50, with 


watch assemblers, punch. press ope 
Fleishman, 1953c). It has been consid 
lor the O'Connor test in these various pro 
a median value of .22. 
Outside of pilot selection, complex apparatus tests have not been widely 
Used. However, in the years from 1942 to 1956, when the Air Force was 
15 were consistently useful. The Complex Coordina- 
ss or failure in primary flight train- 
tests, for example, the Rotary 


grams т; 


wing them, apparatus te 
Чоп lations with succe 
apparatus 
mewhat less predictive of the same 
ordination, and Direction Control 


; Test enjoyed corre 

^is Which ranged into the 40's. Other 
ursuit and Rudder Control Tests, were 50 

criterion, Pursuit Confusion, Two Hand Co 

Tests usually correlated in the 3078. 

rve that corre 

1 explanation of th 


I am not sure 
“abilities” are not and, perhaps, 


ssarily re- 


lated tests do not nece 
is phenomenon is to say that 
that this “explanation” 


It is commonplace to obse 
semble one another. The usua 
ities.” 
since these 
the tests whic 


the tests involve the same “abil 


is mucl А 

| more than a tautology, А un d 

сап lv of h identify them. Certainly, 
not be known independently 9 


if two tests к correlated there is something about them which is 
‘sts are positively € . ый "the test behaviors 
Common, It may not be suggested by an examination of the test behaviors, but 


ordinarily it is. 


Mai ly disparate kinds are not a com- 
Major correlations betwee! 2 


tests of wide 
late best with other printed 


rinted tests corre 


m s 
©n phenomenon. In general, р 
aratus tests, 


tests, apparatus tests with other арр ann е арата: 
other flight behaviors. Correlations between one stage of pro aining anc 
another are frequently above 50. Multiple correlations of early stages with 
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later ones may range up to .90. In pilot selection the search for nonflight 
behaviors which have predictive validity for flight grades has been going on 
for many years. By now virtually everything has been tried. Nevertheless, 
fully 4026 of the variance of stage and maneuver grades remains specific to 
the flight situation. 

In view of this history the Navy has taken a new tack toward selective con- 
trol in pilot training (Berkshire & Lyon, 1959; Shoenberger, Wherry, & Berk- 
shire, 1963). Conventional selection is applied at the point ofadmission only. 
Nevertheless, students continue to be eliminated throughout training. This 
too is selection. A cadet who is dropped in pre-solo is eliminated not because 
he cannot fly an airplane but because in the judgment of his instructors he 
cannot fly one well enough to justify his continuance in the program. Implicit 
in this judgment is a prediction. If the cadet were continued, he would 
ultimately fail outright. He would not be able to land 
would kill himself and possibly others in the effort. 


aboard a carrier or 


The Navy’s Aviation Psychology Laboratory, under the leadership of 
J. R. Berkshire, formalized these predictions. At every stage of a cadet's 
progress, from admission through pre-solo and beyond, multiple correlations 
were computed with subsequent attrition from the program, using all ma- 
terials which were available at that stage. At admission these materials were 
the selection tests. At the end of preflight they were augmented by peer 
ratings, academic, military, and physical fitness grades, 

Multiple correlations with subsequent attrition increased from .38 at 
admission to .56 at the end of preflight. Since very little attrition occurs in 
preflight, these two coefficients are comparable; predictive efficiency at the 
end of preflight is twice what can be achieved before the cadets are brought 
into the training program; and the cost of bringing a man to Pensacola is not 
great in comparison with what it costs to teach him to, become a naval aviator. 

In a formal way, the Navy does not practice selection at the end of pre- 
flight. Instead, the probabilities of each man’s completing the remainder of 
the program are computed. If à cadet gets into 


trouble in flight training, these 
probabilities are known and taken into consideration by the 
cide his case. 

This same procedure is followed in the remainder of the program. At the 
end of pre-solo, predictive validity jumps to .66. However, 
point of heaviest attrition from the program; if the 


boards that de- 


pre-solo is also the 
pre-solo coefficient were 
corrected to make it comparable with preflight and earlier validities, it would 
be much higher. 

The Navy has pursued this approach into the fleet. Graduate 
ing program are rated by their squadron commanders 
“unsatisfactory”; and multiple corre 


s of the train- 
as “satisfactory” or 


lations at successive stages of training 
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are computed against this criterion. In some instances, predictive validities 
as high as .70 have been obtained for fighter pilots. 
The Navy's approach is far less “psychometric” than the conventional 


procedure. It is patterned after quality control in industry, rather than psy 
chological theories about abilities. At the same time, however, it is entirely 


congruent with the findings and experience of personnel psychologists. 


Training 
The psychology of learning is a laboratory discipline. It has to do with 
finger mazes, apparatus tests, nonsense syllables. Learning how to operate 
a drill press, how to fly an airplane, or how to prove mathematical theorems 
are not learning as the psychologist uses the word; they are training. "If an 
investigator’s primary interest,” writes Dael Wolfle (1951, p. 1267), “is in the 
h knowledge or skill is acquired, then his studies are clas- 
sified under the heading of learning. But if his purpose is to investigate the 
teaching that goes on in school, in industry, 
his work is classified under the heading of training.” 
In this case the difference between laboratory and field is fundamental. 


process by whic 


or in a military establishment, 


In learning every trial is as much like every other as the experimenter can 
make them. In learning outside the laboratory, i.e., in training, there are no 
v sense of the word. There are hops, courses 


als. The content of successive units of instruction 


sessions, 


trials in the laborator 
mectings, lessons, but no tri 
is different. A child first learns the numbers; then he learns how to add and 


subtract them; then he learns the multiplication tables. Training is charac- 


terized by a const 

Training is predominantly a normative ar 
h things are what to teach, how to teach it, and in 
They have to do with sched- 


antly changing and cumulative demand. 
The major questions which 


confront people who teac 
what order. These are all normative questions. 
ules of training, forms of presentation, teaching techniques, and transfer of 
training. Nevertheless, there are individual differences in performance in all 
parts of any training syllabus; and one of the jobs of the differential psycholo- 
gist is to describe these differences and the relations between them. 

The usual approach to this problem is factor analytic. In each phase of 
training the trainees receive a grade or score. The correlations between each 
calculated and then factor analyzed. 
ations between stages in naval air basic train- 
1954 from the flight jackets of 300 naval avia- 


phase and every other are 

Table XI consists of correl 
ing. The data were collected in 
tion cadets. O. E. Rogers (1956) factored this matrix by the centroid method 


and rotated the factors to oblique simple structure. The analysis resulted in 
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TABLE XI 


CORRELATIONS AMONG STAGES IN THE NAVAL Ain Basic Tnaixixc S 


LABUS“ 


Stage 1 2 3 1 5 6 7 S 9 I0 ti 
1 64 48 IF AB 539 
2. Precision 63 OS 16 46 
3. Acrobatics 14 14 AG 
4. Formation 24 14 36 
5. Night primary 16 08 46 
6. Primary combat 02 09 18 
7. Cross-country 02 09 46 
8. Gunnery 23) 13 23 
9. Field carrier landing practice 11.09 
10. Carrier qualification 14 


11. Basic instruments 


" After Jones (1959) 


two factors. The first factor bound together formation and the primary stages, 
pre-solo, precision, and acrobatics. The second factor had its biggest loadings 
оп gunnery and cross-country. Rogers called the first factor a “primary train- 
ing” factor and the seconda “tactics-instruments-gunnery” factor. 

There are several objections to this kind of differential "description" of a 
training syllabus. First, the factor-analytic account is not really descriptive 
but theoretical. It explains the correlations by postulating the ex 
two hypothetical factors with determinate rel 
various 


stence of 


ations to each other and to the 
stages of training; and as an explanation, it is open to question at a 
theoretical level. For example, are there really only two differential factors 
in the whole of naval air basic training? If the task at hand is descriptive, it 
might be better to study the correlational results without resort to hypothetical 
factors; and then, if regularities are discovered, attempt a the 
struction. 


oretical con- 


A second objection is that the factor-analytic "description" takes no ac- 
count of the sequential features of training. In any training program some 
stages must precede others. It isn't possible, for example, to teach formation 
before pre-solo. Factor analysis originated in the study of psychological tests, 
аз a taxonomic method. In other areas it isn't clear 
make the most appropriate terms of description. 


that taxonomic ideas 


Both of these objections may be met by a purely descriptive account of 
sequential relationships among the stages of training. Consider, for example, 
the correlations among the first three stages, pre-solo, precision, and acro- 
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both more strongly related to precision than 


atic uxo " 
batics. Pre-solo and acrobatics are 
ations form a very short superdiagonal 


they are to each other. The three correl 
form; they form a differential sequence. 
nt could be the ba 
it is impos 


s of the ordering; and 
ble to know which is 


In this case either time or conte 
as far as these three stages are concerned, 
operative, because the three stages have to be taught in the order they were. 
The rest of the basic syllabus is more flexible. For example, night primary, 
primary combat, cross-country, gunnery, and basic instruments may be 
al orders have been tried (Jones, 1959, pp. 
ese various attempts have not found appre- 
е we have, therefore, suggests that corre- 
g syllabus are based on content. 
acrobatics, the differential sequence 
-solo behaviors 


taught in any order; and sever 
87-88), Correlational studies of th 
ciable differences. The best evidence 
lational patterns in the naval air trainin 
ion, and 
Jusions; ina general way, pre 
and behaviors required in precision 
s, these component 


In the case of pre-solo, prec 
appears to rest upon normative inc 


are required in precision and acrobatics 
. To confirm the hypothes 
ir independence established. 


nts, formation, and gunnery 


are also required in acrobatics 
behaviors would have to be enumerated and the 
Basic instrume 
h have the superdiagonal form. In this case, 
basis of the ordering because 


Consider another example. 


also subtend correlations whic 
cannot be the 
in the temporal sequence gunnery 


hich cannot be realized, 


Moreover 
Noreover, temporal sequence 
the stages were not taught in this order; 


Was in the middle. If we eliminate all sequences w 
because a later stage is requisite to one which precedes it in the sequence, 
there are four other three-stage superdiagonal forms in the matrix. In all four 
basic instruments and formation are the first two members. | 

In Fig. 3 the six sequences are presented graphically. Any string of stages 
(reading from left to right) which is joined together by solid lines indicates a 
differential sequence. These lin no surplus meaning. They assert 


directly observable patterns. Sta serially connected by solid 
) serva a s. í 
hich are organized according to the sequential 


ates most strongly with its immediate 
are most removed from it. A 


es have 
ges which are 


lines subtend correlations W 
position of the stages. Each stage 
akly with sta 
i ediately 
asserts nothing about correlational 


correl 
neighbors and most we ges which \ 
broken line indicates that the imm antecedent stage is requisite to 


the stage which follows it; а broken line 


pattern, This kind of graph is called astring model. Е | 
feature of the string model in Fig. 3 is the position it 


tion is the hub of the syllabus. Every stage in 
cedent or subsequent to it, as a matter of differ- 


The most striking 
attributes to formation. Forma 
the basic syllabus is eitherante 


8 
ential sequence or of normative 


necessity. At the same time, formation was 


also the most representative stage in the basic syllabus. Primary training was 


à preparation for formation flying; and several of the more advanced stages, 
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Pre-solo 
Primary 
combat 


Precision 


Acrobatics 
Gunnery 


Carrier, 


Field corrier i 
qualification 


landing practice 


Cross - country 


Basic instruments Night primary 


Fic. 3. A string model for the Naval air basic taining syllabus; the hub stage is 
formation (after Jones, 1959). 


for example, primary combat, gunnery, and carrier qualification were flown 
from formation. 

Upon completion of basic, a cadet continued into jet or multiengine train- 
ing. At the time these studies were done the jet syllabus contained 16 stages. 
The correlations among these stages contained 24 distinct superdiagonal 
forms, all of them normatively possible and most of them four stages long 
(Jones, 1959). The string model which set forth these 24 sequences had two 
hubs. The larger was jet formation. The second hub was 
direction finding; and it was differentially antec 
second hub reflected the introduction into the 


an instrument stage, 
edent to formation, This 
jet syllabus of more instrument 
Stages, such as ground control intercept, radio ra 


we, and ground control 
approach. 


In the multiengine syllabus there was no formation stage; aside from 
familiarization to the larger planes, the syllabus consiste 
instrument stages. The string model for this syllabus had 


basic instruments. 


d exclusively of 
a single hub in 


In basic, jet, and multiengine training the normative and differential 
organization of the syllabuses were essentially parallel, Differential se- 
ion from basic to more advanced skills; 
and stages which were central to the content of the syllabus were hubs in its 
differential patterning, 


quences generally reflected a progres 


Sequential descriptions may 


also be made of correlations among different 
aspects of a single stage of training. Among the many studies made by the 
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Army Air Force during World War II was a correlational analysis of primary 
pilot training (Ben-Avi, 1947). It was based on the grades of 500 cadets in 
each of 15 different maneuvers. These 15 maneuvers were not taught in a 


linear order as were the stages of naval air training; they were taught inter- 
mittently throughout the stage. Of course, some maneuvers, like straight and 
level flying and take-offs, were taken up before others, like 8’s along a road 
or forced landings. But instruction in the more elementary maneuvers usually 
continued after the more complicated ones had been introduced. 

In Fig. 4 a string model for the 15 maneuvers is presented. It contains 
five differential sequences. They begin with straight and level flying, taxiing, 
. Three sequences end in forced landings; the other 


or coordination exercis 
two end in mid-air turning maneuvers. 

These sequences are plainly parallel to other progressions which even 
iate. For example, with the possible exception of the 
last maneuver, taxiing, take-offs, landings, and forced landings are an aero- 
A pilot must taxi before he can take off, and he must.take 


nonaviators can apprec 
nautic succession. { 
off before he can land. Other sequences, for example, straight and level fly- 
ing, turns, 8's across a road, and rectangular courses clearly reflect the build- 
ing of more complicated skills upon simpler ones. 


Rectongulor 
courses 


Elementory 8's 


8's along 


S's across road 
road 


Steep 


turns Rudder 


exercises 


Forced 
landings 


Toxiing Take -offs Landings 


Stalls 


Coordination 
exercises 


Fic. 4. A string model for maneuvers in primary pilot training. 


Tight Little Islands 


As practice proceeds on a psychomotor task the proportion of variance 
which is specific to the task, i.e., which cannot at present be related to ex- 


ternal variables, increases. In the Complex Coordination Test, for example, 
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the proportion of specific variance incre 


es from 6 percent at the beginning 
to 38 percent at the end of practice (Fleishman & Hempel, 1953). In psy- 
chomotor tests generally, most of the variance at the end of practice is specific 
to the task. This finding has tended to focus attention for the first time in 
many years on specific variance. 

In one analysis of psychomotor test relationships (Fleishman, 1954) the 
proportion of variance which was specific to the tests averaged 49 percent. 
This result is typical. In field and criterion behaviors the proportion of 
specific variance is much larger. Usually, at least 75 percent of the 
is specific to the tasks, frequently as much as 90 percent. 

In his presidential address to the АРА, Стоп, 
mental psychology as a “tight little island” 
“Holy Roman Empire. 


variance 


ach characterized experi- 
and differential psychology as a 
“In the case of experimental psychology the plural 
might have been more descriptive. In апу experiment ther 


re is a great deal of 
unexplained variance within experime 


ntal conditions. Known experimental 
ands in a sea of within-group error. And the 
same is true of differential psychology. Its findings are so in 
rounded on all sides by expanses of specific variance, 


relationships exist as many isl 


any islands sur- 
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Human Abilities 
and the Acquisition of Skill 


Comments on Professor Jones’ Paper 


EDWIN A. FLEISHMAN 
American Institutes for Research 
Washington, D.C. 


It is encouraging to see the topic of individual differences included in a 
conference on skill acquisition. It was not too long ago when learning psy- 
chologists viewed individual differences as troublesome error variance, ob- 
scuring rather than clarifying the principles of skill learning. Yet our own 
program indicates that we can learn much about human learning if we study 
the relationships between the ways in which people differ and their learning 
of complex skills. Jones has presented a very stimulating, albeit off-beat, 
paper on individual differences, and I am glad to have the opportunity to 
discuss it. I have also been asked to use this opportunity to puton the record, 
and into this book, some of my views and data on motor abilities and 


performance. 

My objectives, which I cannot possibly a 
the issues raised by Jones, to present additional substantive data on indi- 
vidual differences and motor abilities, and to try to keep the “state of art” 
approach is to try to take up, in turn, the issues as Jones 
of my multiple objectives here, I prefer to emphasize 


complish, are to discuss, then, 


needs in mind. One 
sees them. In view 
whatever substantive contributions I can, dealing with the issues raised by 


Jones wherever I can, as they arise. 


The Ability-Skill Distinction 


First, I would like to discuss the concepts of ability and skill. Jones seems 
not to like the term abilities, but abilities would seem to have the same status 
as many other constructs in psychology, and I have no objection at all to using 
the term. In my own work I have found it convenient to distinguish between 
the terms ability and skill. 

As we use the term, ability refers to a more general trait of the individual 
which has been inferred from certain response consistencies (e.g., correla- 
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tions) on certain kinds of tasks. These are fairly enduring traits, which in the 
adult, are more difficult to change. Many of these abilities are, of Course, 
themselves a product of learning, and develop at different rates, mainly dur- 
ing childhood and adolescence. Some abilities (ce... color vision) depend 
more on genetic than learning factors, but most abilities depend on both to 
some degree. In any case, at a given stage of life. they represent traits or or- 
ganismic factors which the individual brings with him when he begins to 
learn a new task. These abilities are related to performances in a variety of 
human tasks. For example, the fact that spatial visualization has been found 
related to performance on such diverse tasks as aerial navigation, bluc-print 
reading, and dentistry makes this ability somehow more basic. 

The term skill refers to the level of proficiency ona specific task or limited 
group of tasks. As we use the term skill, it is task oriented. When we talk 
about proficiency in flying an airplane, in operating a turret lathe, or in play- 
ing basketball, we are talking about a specific skill. Thus, when we speak of 
acquiring the skill of operating a turret lathe, we mean th 


at this person has 
acquired the sequence of responses required by this specific task. ‘The 
assumption is that the skills involved in complex 
in terms of the more basic abilities. For 
a man can attain on a turret lathe 


activities can be described 
example, the level of performance 


may depend on his basic abilities of manual 
dexterity and motor coordination. However 


be important to proficiency in other skills 
needed in assembling electrical 
needed to fly an airplane. There 
on which we could elaborate. 


‚ these same basic abilities may 


as well. Thus, manual dexterity is 
components and motor coordination is 
are, of course, certain characteristics of skill 
Thus most skills involve some (a) spatial- 


interaction. of responses with input and feedback 


g. 


temporal patterning, (b) 
processes, and (c) learnin 


Abilities and Skill Learning 


Implicit in the previous analysis is the important rel 


ation between abil- 
ities and learning. Thus, individu 


als with high manual dexterity 
readily learn the specific skill of lathe operation. 
fer of training probably oper; 


may more 
The mechanism of trans- 
ates here. Some abilities 


may transfer to the 
learning of a greater variety of specific 


tasks than others. In our culture, 
ant in a greater variety of tasks {һап are some 
The individual who has a great 
veloped basic abilities can become 


verbal abilities are more import 
other types of abilities. many highly de- 
proficient at a great variety of specific 


tasks. The concept of intelligence really refers to a combination of certain 
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basic abilities which contribute to achievement in a wide range of different 
activities 

Elsewhere (Fleishman, 1964; Gagné & Fleishman, 1959) we have elab- 
included a 


orated our analysis of the development of basic abilities. Th 
discussion of their physiological bases, the role of learning, environmental, 
and cultural factors, and evidence on the rate of ability development during 
the life span. Particularly critical is the notion that basic abilities are relatively 
enduring traits of the individual. Unless he is subjected to marked environ- 
; basic abilities are not likely to change much once 


mental changes, a man? 


he reaches adulthood. Thus, such abilities 
attributes of behavior over lengthy periods of time. 


; as numerical, verbal, and spatial 


abilities are fairly stable 
sults from the fact that they have been learned, relearned, 


This probably re 
s during the individual's lifetime. The mechanism 


and practiced so many time 
here is probably what we typically call overlearning. Thus, individuals may 
show no impairment of performance even after lengthy periods of time with- 


out practice. Probably, man’s abilities are stable because certain kinds of 


been practiced in varying degrees throughout an 


human performances have 
individual's lifetime and have become "overleamed. 
Elsewhere (Gagné & Fleishman, 1959) I have presented cross-sectional 


cur indicate that no 


ability comparisons for ages 17-60. Typically, thc 
improvement and very little fluctuation in the levels of abilities occur during 
much of the adult life span. Some decline with age often occurs, but this 
true only of some abilities, not all. And the age at which decline begins and 


Thus, verbal ability shows virtually 


is 


the rate of decline vary with the ability. Т 
il ability declines after age 50, but spatial ability and 


no decline, numerica 
Memory span decline after age 40, the spatial curve dropping more steeply. 
of course, show marked learning over time in practically 


Human adults 
skill. However, according to our conceptualization, the 


any type of speci 
rate of learning and the final level achieved by particular individuals in cer- 
tain skills see both limited by the basic abilities of these individuals. The 
fact that these basic abilities are themselves fairly stable allows us to make 
useful predictions about subsequent performance in specific tasks, For ex- 
knowledge about a person’s numerical ability helps us predict his 


ample, 
engineering training. Know ledge about the rele- 


probable success later on in 
vant physical fitness components sl 
complex athletic skills. We will illustrate this later, but let us say now that it 
abilities helps us predict subsequent 


vould help us predict performance in 


is very clear that knowledge about basic 
more complex performances. We also see that some abilities may be more 
important later in skills learning, while other abilities are critical earlier in 
learning. The idea that basic abilities place limits on later skill proficiency 
emphasizes the need to develop these abilities in pre-adult life. 
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i i alization i i ге can say that i à "my own 
With this conceptualization in mind, we can say that in much of my 
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previous work one objective has been to describe certain skills in terms of 


these more general ability components. Jones feels the term "abilities" re- 


calls to him a tradition which goes back to instinct and faculty psychology. 
I do not see his point about instinct, but there is certainly a sim 


rity to the 
older faculty notions. The difference is that the present “abilities” are em- 


pirically derived and not based on arm-chair speculation. I would say that 
the identification of human abilities is more akin to the old functional psy- 
chology. I want to return to Jones’ views on abilities and their identification 
a little later on. 

First, I'd like to describe some of my own work as it relates to individual 
differences in motor abilities and performance. This m 


ay place Jones’ views 
in a context in which some of our agreements and differences can be under- 
scored. And it illustrates a research strategy, not brought out in Jones’ paper, 
which has guided our research in this area. 


Taxonomy of Perceptual-Motor Abilities 


The first area of our work relates to the taxonomy problem discussed by 
Jones. We both see the need to develop a s ystematic 
tasks and I was very happy to see Jone 
I have felt that the extent to which we 
some measure, dependent on the dev 
This is also needed to assi 


classification of human 
s bring this out as a critical problem. 
“an generalize research results is, in 
elopment of an adequate taxonomy. 
st in the standardization of experimental tas 
At the start of our program in 1951, we did, indeed, make the development of 
a taxonomy of perceptual-motor abilities our first order of business. 

The impetus for this basic research program was a very applied problem. 
While with the Air Force Personnel and Training Research Center, one of 
our missions was to build better psychomotor tests for the prediction of pilot 
success. The wartime Air Force program had been highly successful in de- 
veloping such tests (Melton, 1947). For example, the Complex Coordination 
Test, pictured in Fig. le, had consistent validity for pilots. This seems not 
surprising, since the test has high face validity for the pilot's job. The pilot 
does manipulate stick and rudder controls. But the 
had substantial validity, but did not at all ‘ 
point are the Two Hand Coordin 


Te were many tests which 
"resemble? the pilot's job. Cases in 

ation and Rotary Pursuit Tests (Figs. la and 
1b).So itseemed to me that the first step was to discover the sources of validity 
in these tests. What ability factors were there in common to psychomotor tests 
€ pilot criterion? If this were known, we could 
attempt to maximize this validity in future tests. 


which were common to th 


In subsequent years we 


have conducted a whole series of interlocking experimental-factor-analytic 
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studies, attempting to isolate and identify the common variance in a wide 
range of psychomotor performances. Essentially this is laboratory research, 
in which tasks are specifically designed or selected to test a certain hypoth- 
a certain range of tasks. Subsequent 


esis about the organization of abilities in 
aimed at sharpening or limiting our 


studies tend to introduce task variations 
ability factor definitions. The purpose is to define the fewest independent 
ability categories which might be most useful and meaningful in describing 
performance in the widest variety of tasks. 

Our first study (Fleishman, 1953b) reviewed previous factor analyses 
of motor skills and described the methodological issues. Our second study 
(Fleishman, 1954) was a large-scale attempt to put into a single study repre- 
sentative measures of factors previously identified. The purpose of this study, 
which involved more than 40 carefully designed psychomotor tests, was to 
(a) better define previously identified factors, (b) test the usefulness of cer- 
tain printed measures of psychomotor abilities, and (c) to attempt to account 
for variance in tests used to select pilots in the Air Force program. In short, 
this study confirmed most of the hypothesized factors and resulted in better 
factors. But there were some exceptions and new dis- 


definitions of thes 
coveries, We also showed that printed tests are not too successful in repro- 


ducing variance in apparatus tests, and we failed to identify the variance in 
the complex Air Force tests. For the latter result, we had to look elsewhere. 
Jones' paper, in the section on taxonomy, uses these 1953-1954 papers as 
the basis for his summary of psychomotor factors. Actually, these two papers 
represented only a starting point; the main substantive work followed, build- 
ing on these easier papers. Hence, I would not like to see Jones' list im- 
mortalized in this volume as the definitive list of psychomotor factors. As 
we shall see, some of the most general factors were identified only later. 
Our later studies have included analyses of fine manipulative perform- 
ances (e.g., finger and manual dexterity, etc.) (Fleishman & Hempel, 1954a; 
Fleishman & Ellison, 1962), and gross phys cal proficiency (e.g., push-ups, 
chins, etc.) (Hempel & Fleishman, 1955; ? licks & Fleishman, 1962; Fleish- 
man, Shoup, & Kremer, 1961; Fleishman, Thomas, & Munroe, 1961; Fleish- 
man 1963; Fleishman, 1964). One study focused on vositioning movements 
(reaching, moving controls to specified positions, etc.) and "static reactions" 
(e.g., hand steadiness) (Fleishman, 1958a). The former concerns movements 
in which the terminal accuracy of the response is critical, and the latter in- 
volves primarily maintenance of limb positions (see Brown & Jenkins, 1947). 
The most important series of studies (e. g., Fleishman, 1956; Fleishman, 
1958b; Parker & Fleishman, 1960) concerned "movement reactions," where 
the performance involves coordinated responses, or smooth responses, or 
precisely controlled movements, or continuously adjustive reactions. 
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Thus far, we have investigated more than 200 different tasks administered 


to thousands of subjc 


ts in a series of interlocking studies. From the patterns 
of correlations obtained, we have been able to account for performance оп 
this wide range of tasks in terms of a relatively small number of abilities. In 
subsequent studies, our definitions of these abilities and their distinctions 
e becoming more clearly delincated. Furthermore, it is 
now possible to specify the tests which should provide the 
each of the abilities identified. Figure 1 


from one another 


best measure of 
illustrates. some representative 
measures used in one of these studies. 

Let us list the more important ability factors. identified. For details of 
their definition and the devices which best measure them the reader is re- 
ferred elsewhere (Fleishman, 1960b. 1964). 

Control precision: This factor is common to tasks which require fine, highly con- 


trolled, but not overcontrolled, muscular adjustments, primarily where larger muscle 
groups are involved (Fleishman, 195: 


b: Fleishman & Hempel, 1956: Parker & Fleish- 
man, 1960). This ability extends to arm-h 
critical where such adjustments must be i 

Multilimb coordination: This is the ability to coordin 
ber of limbs simultancously, and is best me: 
trols (Fleishman, 1958b; Fleishman & He 
factor has been found general to tasks req 
Rudder Control Test), two hands (e.g 
tion Tests), and hands 
Tests). 


and as well as to leg movements. It is most 
apid, but precise. 

ate the movements of a num- 
asured by devices involving multiple con- 
mpel, 1956; Parker & Fleishman, 1960). The 
wiring coordination of the two feet (ews, the 
^ the Two Hand Pursuit and Two H 


and Coordina- 
and feet (ear, the Plane Control 


and Complex Coordination 


Response orientation: "This ability factor has been found 
crimination reaction psychomotor t 
orientation of movement patterns (Fleishman, 1957a.b, 19 
1956; Parker & Fleishman, 1960). It appears to involve the 
movement in relation. to the 
conditions. 


general to visual dis- 
ctional discrimination and 
Fleishman & Hempel, 
ability to select the correct 
correct. stimulus, especially under highly speeded 


asks involving rapid dire 


Reaction time: This represents simply the 
to respond to a stimulus when it 
Hempel, 19; 


speed with which the indiv idual is able 
appears (Fleishman, 1954, 1958b; Fleishman & 
Parker & Fleishman, 1960). There consistent indications that in- 
dividual differences in this abi tof whether the stimulus is auditory 
of response which is required. However, 
ituation is complicated to involve alter- 
actor that is measured. 

This represents simply the speed with which an individ- 


et arm movement where accuracy is not the 
(Fleishman, 1958b; Fleishman & Hempel, 1954b, 19 
There is ample e 


» 


ty ndepende 
or visual and are also independent of the type 


once the stimulus situation or the response s 
nate choices, reaction time is not the primary [ 

Speed of arm mor ement 
ual can make a gross, discre 


requirement 
Parker & Fleishman, 1960). 
dence that this factor is independent of the ге 
Rate control: This ability 


adjustments relative 


action time factor. 
involves the making of continuous ; 
to changes in speed and direction of 
or object (Fleishman, 1958; Fleishman & Hempel, 19: 
to tasks involving com 


tnticipatory: motor 
a continuously moving target 
55. 1956). This factor is general 
pursuit, and extends to tasks in- 
ate. Our research has shown that adequ 


pensatory as well as following 
volving responses to changes in r ate measure- 


a Two hand coordination b Rotary pursuit 


f Discrimination reaction time 


© e 


| == 


h Visual coincidence 


g Motor judgment 


Fic. 1. Some testing devices used in research on the classification of perceptual- 
ishman (1958b). 


motor abilities. From Е 


@ 


— 


i Two hand pursuit ] Single dimensional pursuit 


k Rate control 


0000000000806 
0000000080000 


у= 


m. Controls adjustment 


n Rotary aiming 


о Reaction time р Track tracing 


Fic. 1 (cont.) 


Printed discrimination reaction time t Multidimensional pursuit 


Fic. 1 (cont.) 


ment of this ability requires an actual response in relation to the changing direction 
and speed of the stimulus object, and not simply judging the rate of the stimulus alone. 

Manual dexterity: This ability involves skillful, well-directed arm-hand move- 
ments in manipulating fairly large objects under speed conditions (Fleishman, 1953b, 
1954; Fleishman & Hempel, 1954b; Parker & Fleishman, 1960; Hempel & Fleishman, 
1955; Fleishman & Ellison, 1962). n Е 

Finger dexterity: This is the ability to make skill-controlled manipulations of tiny 
objects involving, primarily, the fingers (Fleishman, 1953b; 1954; Fleishman & Hempel, 
1954b; Parker & Fleishman, 1960; Hempel & Fleishman, 1955; Fleishman & Ellison, 
Ellison, 1962). 

Arm-hand steadiness: This is the 


ability to make precise arm-hand positioning 
are minimized; the critical feature, as the name 
movements can be made (Fleishman, 1953b, 
Hempel, 1955; Hempel & Fleishman, 1955; Parker & 


= 58а,Ь; Fleishman & 
Fleishman, 1960). 

Wrist, finger speed: This ability 
through the years (e.g., Greene, 1943; 
of different studies, primarily because t 


has been called “tapping” in many previous studies 
Fleishman, 1953). It has been used in a variety 
hese are in the form of printed tests which are 
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піск and easy to administer. However, our research shows that this factor is highly 
1 0 te in scope and does not extend to many tasks in which apparatus is used 
(Fleishman, 1954; Fleishman & Hempel, 1954b). It has been found that the factor is 
best measured by printed tests requiring rapid tapping of the pencil in relatively 
large areas. 


Aiming: This ability appears to be measured by printed tests which provide the 
subject with very small circles to be dotted in where there are a large number of 
circles when the test is highly speeded (Fleishman, 1953, 1954: ! 
1955). The subject typically goes from circle to circle placing one dot in cach circle 
as rapidly as possible. This factor has not been found to extend to apparatus tests and, 
hence, the naming of this factor as "aiming" or as other investigators have called it 
“eye-hand coordination” seems much too broad (Fleishman & Ellison, 1962). 

The usefulness of these ability f 


Hempel & Fleishman, 


actors in describing skill in complex, 
"real-world" tasks has been described elsewhere (ev, Fleishman & Orn- 
stein, 1960; Herbert, 1963: Locke, Zavala, & Fleishinan, 1965). Work under 
way is attempting to define laboratory test variables in terms of these cate- 
gories (e. g., in our current studies on the effects of drugs on human perform- 
ance), 

Before closing our 


discussion of the classification of 
should refer 


to the area of motor performance often called physical pro- 
ficiency. Our experimental-factor-analytical work indicates that the follow- 
ing factors account for performance in more than 60 different physical fitness 
tests. [For details, see Fleishman (1964); this reference also indicates the tests 
most diagnostic of each factor. ] 

Extent flexibility: Ability to flex or stre 
possible in a forward, late 


motor abilities we 


teh the trunk and back muscles as far as 
il, or backward direction. 


Dynamic flexibility: The ability to make repeated, rapid flexing movements in 
which the resiliency of the muscles in recovery from strain or distortion is crit 

Static strength: The maximum force which a subject can exert, for a brief period, 
where the force is exerted continuously up to this maximum. In contrast to other 
strength factors, this is the force which can be exerted against external objects (ega 


lifting heavy weights, pulling against a dynamometer), rather than in supporting or 
propelling the Боду? own weight. 


Dynamic strength: 


The ability to exert muscular force repeatedly or continuously 
over time. It represents muscular endurance and emphasizes the resistance of the 
muscles to fatigue. The common emphasis of tests measuring this factor is on the power 
of the muscles to propel, support, or move the body тере 
longed periods. 

Trunk strength: This is a second, more 
to the trunk muscles, particularly the 

Gross body coordination: Ability to coordinate the simult 
ent parts of the body while making gross body movements, 

Gross body equilibrium: The ability of 
despite forces pulling him off balance, 
(e. g., vestibular and kinesthe 
the eyes are kept open, it is 
closed, 


atedly or to support it for pro- 


limited, dynamic strength factor specific 
abdominal musel 


ancous actions of differ- 


an individual to maintain his equilibrium, 
where he has to depend m 
tic) cues. Although also me: 
best measured by balance 


ainly on nonvisual 
asured by balance tests where 
tests conducted with the eyes 
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Stamina: The capacity to continue maximum effort, requiring prolonged exertion 
over time, This factor has the alternate name of “cardiovascular endurance.” 
Let us return to some of Jones’ comments on the taxonomy question and 


to the problem of quantifying human abilities in general. In the early section 
of his paper he refers to the ‘cleavage between experimental and differential 
psychology as virtually absolute. I think this has been all too true, as decried 
by Cronbach (1957), Ferguson (1954, 1956), and others. That this is certainly 
hot universally true is evidenced in my own work, and in the work of several 
others of the participants of this conference. I like to think that the work I have 
‘ibe in the next section) does bridge experimental 


described (and will desc 
and differential methods. But there are some unkind cuts in Jones' paper. He 
and leisurely. Its data are 


calls differential psychology "passive, speculative. 
given; they аге found, not produced.” They are “arm-chair. 
“hard-boiled” with “worlds waiting to 


In contr 


st, 


experimentalists are “active” and 
be conquered.” T suppose I have not been aware of this distinction before! 
He also points out that the task of the differential psychologist is to “meas- 
ure" abilities, "If he succeeds, then the whole domain of psychomotor learn- 
ing has been properly described and accounted for.” I don’t know of any 
s Jones who has made such statements. 


Psychologist beside 
another problem that concerns 


The problem of proliferation of factors is h 
Jones, since it is very clear that more and more factors continue to be dis- 
covered. But is this unique to the ps chological world? I think it is a com- 


mon scientific phenomenon 


hot startle any of us. A more le | i 
able to account for in terms of a relatively small 


Inch the fact that mental life is complex should 
gitimate question here concerns the proportion 


of common variance we are 
number of abilities identifi 
main, as T have tried to describe, 
ful in organizing quite meaningfully 
does hot mean that there are no more 
Mean these factors identified account for a large 


every psychomotor task. Far from it, as we she | 
1e common variance is one of the primary 


ed. It does appear, in the perceptual-motor do- 
'use- 


that a relatively small number are ve 
a wide variety of performances. This 
factors to discover. And it does not 
proportion of the variance in 
ill see later. There is much 


Specificity, but the pursuit of u 
tasks of the psychologist. 

I do not really understand the full 
correlations among tests reflect the org 


individuals who take them. This seems to me 
es the effect of different kinds of stimuli on 


implications of Jones' assertion that 
mization of the tests and not of the 
to miss the point. When the 


shologist studi 


experimental p 
ction time, his results also te 


What we learn through the arrangeme 
we obtain from people, is something about a 


IL us little about the people who take them. 


nts of the experimental conditions and 


through the response measures 
Set of functional relationships and we infer [ 
This is no less true in the study of human abilities. 


something about the human 


Processes involved. 
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I was glad to see Jones discuss E. A. Bilodeau's important work on skill 
composition, through his analyses of intratask correlations of the multi- 


dimensional pursuit apparatus. There are certainly alternative ways of look- 


ing at skill composition, and some are more useful for some purposes than 
others. Jones discussed this study under the heading of task classification. 
I am not sure this particular study provides a basis for task classification, 
although it does contribute to our understanding of some of the 


rules of part- 
whole task relationships. The 


problem of generalizing or predicting total 
task performance from prior practice on task components is a bit more com- 
plicated as I have pointed out elsewhere (Fleishman, 1965). The ability- 
skill paradigm I described eatlier has been helpful in this regard. 


Skill Acquisition 
Jones has contributed a major portion of his paper to individual differ- 
ences in skill acquisition. This, as may be recalled, represents the second 


main line of our research which I want to review. Our work has focused 


on the problem of predicting performance at different stages of le. 


arning, and 
especially at eventual high leve 


Is of proficiency in complex tasks 
Jones is enamored with the oft found re 


sult that correlation matrices 
among learning trials generally torm a pattern called the supe 
In such matrices each trial tends to correlate highest with the trials that 
immediately precede itand correlations tend to decrease the greater the sepa- 
ration between trials. In addition, Jones has usefully 
of four trials may follow Spearman’s law 
eight-trial matrix there are 70 such e 
approximate zero within some 


rdiagonal form. 


shown that sequences 
of single tetrad differences. In an 
quations and Jones has shown these to 
magnitude of error. Jones stresses the univer- 
sality of this finding, and there is no question that most learning trial ma- 
trices in the literature have this superdiagonal form 
from satisfying the tetrad difference crite 
The critical point is that there 
findings and Jones prefers 
involves all the common factors found in subseque 
tice continues, common factors drop out so that the last trial involves only 
one of the factors found in trial 1. However, these factors are composites 
to begin with, so we really can't identify what they are. But the theory fits 
the data so beautifully that we do not need to look further 
We can simply think of practice asa process of elimination. 
As Jones stated in his paper, he and I are 


spect to the increase in specificity found as practice on motor-skill tasks con- 
tinues. But I feel this is an incomplete description of w 
the process of skill learning. 


‚ although many are far 
rion. 


are alternative ways of explaining these 
à simplicial hypothesis. This means that trial 1 


nt trials and that as prac- 


in Jones view. 
in general agreement with re- 


hat is happening in 
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Stopping with a simplicial analysis doesn’t seem to lead us far enough 
sting data 


along in the development of new concepts which will organize e: 
more meaningfully, stimulate new experiments, or lead to improved pre- 
dictions or control in new learning situations. 

Let me illustrate by describing the strategy of our research in this area, 
which, I must openly confess, has used (but is not confined to) the factor- 
analytic approach. As our confidence in our concepts and variables has in- 
creased, we have relied more on multiple regression and a variety of experi- 
mental approaches. First, let me acknowledge my debt to the earlier study 
by Adams (1953) and before that, one by Bradley Reynolds (1952). Jones’ 
paper has usefully pointed out still earlier work by Perl, by Woodrow, 
and by Edgerton and Valentine. Many of these earlier studies used fairly 
brief practice periods, paper and pencil tests, and relatively unsophisticated 
reference measures. Except for Woodrow they were not programmatic efforts. 


We have been fortunate in being able to pursue the general problem in a 


fairly persistent fashion over the past dozen years. 

Essentially, our studies have attempted to relate the ability factors pre- 
viously described to performance at different stages of learning more com- 
plex skills. Special interest was in predicting eventual high-proficiency levels 
in such skills. One of our early studies was confined to the analyses of inter- 
trial correlations of two similar tasks practiced in different orders (Fleishman, 
1953a), but subsequent studies have always included “reference measures" 
external to the practice task. In a typical study 200-300 subjects received a 
sts known to sample certain abilities and then received 
yractice task. Through the use of factor-analytic tech- 
niques of the correlation patterns obtained, we could examine the loadings of 
successive trial scores on the criterion task on the factors defined by the ref- 
erence tasks (Fleishman, 1960a; Fleishman & Hempel, 1954a, 1955). 

a great variety of practice tasks, show that 


battery of reference te 
practice on a criterion | 


In general, these studies, with 


(a) the particular combination of А 
5; (b) these changes are progressive and system- 


stabilized; (c) the contribution of “nonmotor” 


abilities contributing to performance 


changes as practice continue: 
atic and eventually become 
abilities (e.g., verbal, spatial), 
Creases systematically with practice, 


which may play a role early in learning, de- 
relative to “motor abilities”; and (d) 
there is also an increase in a factor specific to the task itself. Figure 2 illus- 
trates a typical result obtained using a visual discrimination reaction task. 
г papers Bechtoldt (1962) and Jones (1962) have been 


Although in earlie ribs 
sis of matrices containing both reference and learn- 


critical of our factor analy 
ing trial variables, they have only 


variety of different approaches have 1 
findings. Additional designs have used separate cross-sectional analyses of 


to read our published work to see that a 
been used, all confirming these basic 
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Variance unaccounted for 


Spatial relations 


3 5 13 i5 
Trials, 
Fic. 2. Percentage of variance. represented by each f 


actor at different stages of 
practice on the Discrimination Reaction T 


ne Task (Percentage of variance is repre- 
sented by the area shaded in for cach factor.) From Fleishman &. Hempel (1956). 


skilled and unskilled psychomotor performances (Fleishman, 1957), regres- 
sion techniques in predicting practice trial loadings or reference factors 
(Parker & Fleishman, 1960; Fleishman & Fruchter, 1960), analyses of com- 
ponent-total task relations at different stages of practice (Fleishman & 
Fruchter, 1965), and recent work has used straight experime 


ntal procedures, 
as we gained confidence in our individual difference variables (Fleishman & 
Rich, 1963). It is possible, of course, to represent some of the results in Fig. 
2 in more traditional terms. This is shown in Fig. 3. 
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Fic. 3. Comparison of Discrimination React 
ishman & Hempel (1956). 


Stratified on different ability test variables. From Fle 


d that we start with the learning trial corre- 


Elsewhere, Jones has suggeste! ning 
n estimate the loadings of reference test 


lations, analyze them first, and the i 
measures on the factors defined only by the learning trials. I have felt the 


heed to start with the reference tests; my own feeling is that we know a great 
deal more about these tests. In fact, much of our work has centered on try- 
ing to get better definitions of these tests as а prelude to their use in the study 
of skill acquisition questions. However, I have tried it the way in which Jones 
has suggested. What happens most often is that one gets three learning trial 
factors with one factor decreasing as а function of practice. This is the factor 
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that tends to have the reference tests loaded on it. But their differential con- 
tribution is confounded in this single general “pretask experience” factor. A 
second factor is found which increases in contribution with practice; this is 
interpretable in terms of our “within task-specific" variance, which is always 
shown to increase in contribution with practice. Jones, in fact, found this to 
be the case in his reanalysis of one of my studies (Jones, 1962). My own 
feeling is that the studies with most psychological meaning have been those 
in which the learning trials are interpreted in terms of the more general 
reference ability factors. 

Jones emphasizes the great deal of specificity associated with motor per- 
formance and this cannot be explained away by our results. In fact 
underscores his assertion. Performance 


, our work 
does appear to be increasingly a func- 
tion of habits and skills acquired in the task itself. But abilitie 
too, and their interactions with learning 
variance to be studied. Furthermore, it appears desirable to better define the 
variance now termed specific to individual tasks. I am optimistic that some of 
this variance is not really "specific"; rather, we may 
genious at teasing it out. 

Much of our later work has bee 
now defined as specific to! 


s play a role 
phenomena are important sources of 


need to be more in- 


n concerned with a pursuit of the variance 
ate stages of learning tasks. Hypotheses we have 
explored are that (a) late stage measures of differe 
abilities in common not found in early stages of the same tasks (Fleishman, 
1957), (b) the ability to integrate component abilities represents a separate 
individual difference variable not found in early stage learning, but is critical 
in late stage learning, (с) kinesthetic ability factors play an increasing role 
in psychomotor learning relative to spatial-visual abilities. Figure 4 shows 
the confirmation of the latter hypothesis in а recent study (Fleishman & 
Rich, 1963). In this last study it is useful to point out that the exploitation of 
individual differences allowed us to test a principle of motor learning which 
had only been assumed before (Fitts, 1951). Our finding 
ences and skill acquisition ar 


model of learning, where acities for processing dif- 
ferent kinds of information. [Foran elaboration, see Fleishman & Rich (1963).] 

Lately our findings and methods have been extended to more complex 
tasks studied over lengthy periods of time. In one study (Parker & Fleishman, 
1960) we developed a simulation of an air interce 
jects performed over a 7-week period 
skill in a real training environment (Fl 
case, we were able to show the 


nt practiced tasks have 


s on individual differ- 


€ consistent with an information processing 


abilities are seen as сар: 


pt mission on which sub- 
and we have studied the acquisition of 
eishman & Fruchter, 1960). In the latter 
abilities underlying the acquisition of skill, 
at different stages of Morse code learning, in radio telegraphy. We have also 
shown how knowledge of the abilities underlying performance at particular 
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Fic. 4. Comparison of Two Hand Coordination acquisition curves for groups high 


and low on two different abilities. From Fleishman & Rich (1963). 
Ric of learning can be used to facilitate the training of a complex skill 
ürker & Fleishman, 1961). 


Individual Differences in Retention 


I would not like to leave the topic of individual differences and skill 
acquisition without mentioning our studies on retention (Fleishman & Parker, 
1962). Very little is known about individual differences in retention. We were 
7 weeks) practice on a highly complex per- 
ts back after periods of no practice of 
ried retention intervals, as well as 


able А 
нан to give people extended ( 
€ptual-motor skill and obtain subjec 


1 
ty 4, 9, 14, and 24 months. Thus, we уа 
Уре of initial guidance and level of original learning. The main points of 


i . à : 
9 here are that there was virtually no loss in skill regardless of the 
length of the retention interval, and that the most powerful variable operat- 
i чей ei ) 

Ng was individual differences in the level of original learning. The predic- 
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tion of retention from original learning was independent of the length al 
retention interval. Thus, for all intervals, even up to 2 years, таи 
differences at the end of learning correlated in the „807% and .90's with гий 
sequent performance after periods of no practice. Our design alse allowed є: 
to say that this prediction was not accounted for by the subjects pretas 

abilities, but rather was explainable in terms of individual differences among 
subjects in the specific habits acquired in practicing the original task. 


Individual Differences and Other Learning Phenomena 


We have also investigated the relation between indiv idual differences anc 


variety of learning phenomena, including associative interferencc and tran 


fer, reminiscence, and Performance during massed vs, distributed. trial 


(Fleishman & Ellison, unpublished work, 1961). Space does not permit us to 


summarize these studies here, 


except to say that knowledge about subjects 
previously developed 


abilities helped us to predict these phenomena. We 
also introduced "personality" 


variables here, and these were notably un- 
successful in predicting 


interference and transfer phenomena, However, 
they were more successful than ability variables in predicting the perform- 
ance decrement which occurred during our massed practice period. 
A recent study (Fleishm 


an, 1965) investigated the relations between in- 
dividual differences in perfe 


rande on task components and subsequent per- 
formance on a total task (a multidimensional compensatory tracking task). 
These results pointed 


simple S-R concepts. The level of description which provided the “best 
explanation of the observed rel 
total task were in terms of * 


up the oversimplification of explanations based on 


ations among the components and with the 
‘common ability 


requirements. 


Abilities and Task Requirements 


In several studies (e. g., Е 


leishman, 1956) we have been able to show 
systematic changes in the 


abilities required to pe 
display-control relations in these 
subjects received a batte 
task manipulations 


rform certain tasks, as the 
tasks were sy stematically varied. In all cases 
ry of reference me 
It was found that 
panel changed the ability ге 


asures prior to experiencing the 
progressive rotations of the display 
quirements of the 
to two other factors, “spatial orientation” 


task from “perceptual speed 

and “response orientation.” Thus, 
along known dimension 
tions between tasks and the 


individual differences s are used to explore the rela- 


characteristics of people who could perform the 
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tasks most effectively. Of course, these are problems faced every day by the 
1 systems psychologists. The significance of the 


зөт» j Р 3 
Personnel, engineering, anc 
relations may be built 


a ` TEAMS id 
bove studies is that a body of principles about these r 
1р in the laboratory using the ability-skill paradigm which we described 
earlier, 


Concluding Statement 


From all this it seems to me that the fact of individual differences can be 
mechanisms of skill learning. The sub- 


Xploited to gain insights into the 
riables with significant 


major treatment vi 
nd with other learning phenomena. At the 


mbach’s (1957) lament that we have 


But Jones is still pessimistic that this 


тес pretask abilities become 
interactions with learning trials a 
beginning of his paper Jones quoted Cre 
two scientific disciplines of psychology. 

division can be bridged; rather he sees more hope in parallel lines of investi- 
gation, At the time of his APA presidential address, Cronbach (1957) quoted 
Our earlier work as hopeful examples of attempts to bridge this gap. Tam not 
SO sure to what extent this prophecy has been fulfilled. As Jones has pointed 
ved conceptual and methodological problems. 
he study of individual differences 
ework, through a combination 
ish more psychologists, 


Out there are still many unresol 
But we feel there is much to be gained int 
conceptual fram 
ital methods; and we w 
> would join in the quest. 
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bject that some m 
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al phenomena that might 
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mination of behavior: 
As an introduction, 
es are sketched. 
riod of psychology when it 


term thi 


an paper is to urge closer ex 
y | under the heading of attention. 
attention and some methodological issu 

It is instructive to recall the prebehaviorist pe 
Was mandatory for any psychological system worthy of the name to give 
n emphasis to attention. The method 
findi pection of the properties of one's own СОТ 
ng basic mental clements and how they were 
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they be judged before the general tribunal of psychology” (Titchener, ce 
р. 173). This was the time that entire books were written about attention anc 
all textbooks of psychology had a major chapter on it. Я 

The decline of interest in attention in the United States was — 
While any intellectual movement has amorphous beginnings, it seems бй 
to date the strong beginning of behaviorism from Watson's paper (1913), 
“Psychology as the Behaviorist Views It,” and attention began to fade about 
that time also. Wundt (see Boring, 1929, р. 327) distinguished between 
mediate experience whereby the physical scientist passively observed gehe 
tions in the world without attending to consciousness per se, and immediate 
experience where the psychologist attended the conscious representations of 
the real world by turning his introspective mind's eye inward. Thus, psy- 
chology had a subject matter and a method that were unique among the 
sciences, and it was this unquestioned first principle of psychology that be- 
haviorists shattered. Watson publicized the assertion, which is now common- 
place, that all sciences have a common method which is indifferent to con- 
sciousness per se, and that the psychologist's task is to manipulate, objectively 
observe, and measure behavior just as a physicist treats phenomena of the 
physical world. A behaving organism is just another 


tem of the physical 
world whose laws are to be determine 


d. This psychology caught hold and its 
successes in terms of objective behavioral laws came early and were impres- 
sive. And, with the adoption of behaviorism, attention as a giant of con- 
sciousness-centered psychology quickly faded. By the early 1940s the concern 
with attention was minor but it had not died and P. 
was slightly encouraged to find a low-level 


throughout psychology. There was 
Paschal wrote: 


5 


aschal (1941), in a review, 
‚ persisting interest in os 
an unwillingness to let attention die, and 


despite the criticisms that have been aimed at it, the 
attempts to read it out of the party s that has 


enabled it to survive" (Paschal, 1941, р. 383). Looking at attention today: 
one must agree with Paschal on its capacity for survival. 

Today we are riding a new wave of inte 
accelerated by two forces: first 


beginnings in World War П, and second, physiological research on the brain 


stem reticular formation that began in earnest about 1949. Psychology and 
physiology journals of recent years have hundreds of articles where attention 
is a term liberally sprinkled about, and it is fair to say thatattention has staged 
a comeback. Let me briefly mention vigilance research as a force in the 
attention revival. During World War II rad 
velopment that proved decisive in many 
system degradation was found to be 


radar scopes hour after hour, w. 


‚ attention has had a heartine 


: — —: 
rest in attention. This wave Wit 
> an interest in vigilance that had its mai! 


ar was an exciting technical de- 
air battles. However, a source of 
air surveillance operators who sat at 
atching a monotonous display for the ap- 
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times missed radar returns that should 
Laboratory research established 
ese critical events de- 


pearance of enemy aircraft. They some 
have been obvious and detected quickly. 
that the human operator’s capability for detecting th 
creased over a long session of continuous watchkeeping and, since the task of 
Watching was not physically demanding, 
cribed to the decline of long-term attention, or vigil 
fatigue. Interest began to develop in the determinants of vigilance, but it was 
not until the publication of N. H. Mackworth’s important monograph in 1950 
= Mackworth, 1961) that programs of research and theorizing got under- 

"ay 


performance decrement was as- 
ance, rather than muscular 


in a lively fashion. 
| Тһе second force for our modern interest in attention wa 
158 N e formation, or "аА brain’ ( ни 1054; am 

; Lindsley, 1957; Magoun, 1963; Rossi & Zanchetti, 1957; Samuels, 
1959). The classical view of the afferent-efferent are in the central nervous 
System was an afferent input that went to its center in the sensory cortex and 
fferent system whose acti 
g with the гезе: 
f studies since then, this cla 
are there rather direct afferent paths to 
collateral paths to the reticular 
hrough secondary paths pro- 
h is observed as 


research on the 


vation was revealed in an 
arch of Moruzzi and Ma- 
cal view 


iss Sonnection with an e 
à response. Essentially beginnin 
dmi and in a large cin о 
the ам greatly elaborated. Not only ӨШ 
form in addition, there are 

formation t 
ard to the cortex whic 
phalogram), or the change of 
slow wave forms with reason- 
e. When this activation, or 


nsory cortex but, 
i Activation of the reticular 
bom a massive electrical effect upw di 

Synchronization of the EEG (electroence 
electrical potential of the cortex from relatively 
kolp large amplitude to fast waves of low amplitud 


arous; У : "an" " 
i Ousal as it is often called, accompanies a stimulus t 
omarily show all the behavioral signs of being awake, alert, and attentive. 


In the absence of arousal the organism will usually be behaviorally indifferent 
to Stimulation or even asleep. The response of an organism is now thought to 
“epend both on an evoked potential at the sensory cortex and firing of the 
reticular formation. A stimulus not only has a cue function but an arousal 

‘nction too, and response to а stimulus depends on both functions being 


Present, 


he organism will cus- 


rk on the reticular formation provoked two 
a seems most prominent among 


alert and attentive when the 
г asleep when the reticular 


and indifferent ог 
ttention is physiologically explained by the 


ar formation i 
icular formation of a quies- 


postural alertness, pricks 


me e behavioral side, wor | 
езт of thinking. One line, 
Bani ч. reasons that i 
жет ormation is aroused, 

on is quiescent, then а 


reticular а 
n Cular formation. Using the reticul 
oe First, when the ret 


ated he assumes 


whicl 


f the organism is 


n this way is satisfying to 


from two points of view. 


Cent or s k á 
or sleeping animal is stimul 
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up his ears, and looks around in a manner that informally we all have come te 


recognize as attentive. Second, EEG research on humans has shown over une 


over, in many different ways, that desynchronization of EEG occurs wher 


there is orientation to a distinctive stimulus, when a problem is being solved, 


or sometimes even when one is thinking about stimuli or problem solving. 
and again we can agree that this informally meets the layman's criterion of 
paying attention. 

A second main line of thinking is centered more in psychology and sug- 
gests that the reticular formation is the basic center of generalized motivation. 
Hebb (1955) and Malmo (1959) have been the leading advocates of this 
interpretation. The general property of the motiv 


ational state should be 
emph 


zed, and it can be considered similar to Hull’s drive concept (Hull, 
1943) in having the power to ene 


rgize all respouse classes. Malmo (1959) 
bolsters this assertion with evidence that a number 
measures such as EEG, 
sponse cov 


of psychophysiological 
electromyogram, heart rate, and galvanic skin ee 
ary under conditions which psychologists usually consider moti- 
vating, and he reasons that the re 
affects all these measures 
superthreshold stimuli h 


ticular formation is the central agent that 
An important implication of this position is that 
ave a motivating charge associated with their 
occurrence, or at least until habituation sets in (Sharpless & Jasper, 1956). 
Since the reticular formation is а center for probably all stimulus afferents 
both of peripheral and central origin, and since the reticular formation is 
hypothesized to be the se 


at of motivation, it follows that all stimuli are moti- 
vating. Traditional sources of motiv ate through 


hormonal influences on and more derived forms of 
ation would work upon the reticular formation 
nters downward. 
motivation, particularly the position tha 
vating. Too, this researe 


ation such as sex might ope 
the reticular formation 
social and secondary motiv 
from higher cortical ce 


All of this is an expanded view of 
t all stimuli are intrinsically moti- 
h is important for building an understanding of the 
physiological bases of motivation. However, it does not help the problem 
of defining attention. At most, it says that the behavior we decide to classify 
ned by motivation, 
In some of my own studies of vigil 


1 H : : "iul 7. 
as attentive can be heighte which is scarcely surprising 


ance (Adams & Boulter, 1962; Adams: 
Stenson, & Humes, 1961), J have found heuristic value in this notion that 


stimuli and their Properties can be motivating and enhancing for human 
performance. 


Despite the importance of this research and these lines of thinking, 1 find 
it regrettable that physiological research on the reticular formation, with its 
emphasis on general alerting, ever became associated with attention, because 
I think (and this is my definition) that attention is best used as a descriptive 


term for directive, discriminative response to a stimulus subset ofa general 
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stimulus field. In this sense I find a measure of agreement with Oswald 
(1962), who holds thatattention is always to something, and with physiological 
psychologists who speak of specific alerting mechanisms (e.g. Lindsley, 
1957, p. 87). During attention’s finest hour the introspectionists held a simi- 
lar view. It was only with the advent of research on the reticular formation 
that attention became associated with general alerting. General alerting, or 
Motivation, as some have come to think of this action of the reticular forma- 
nly an element of laws describing response to a stimulus subset, 


tion, is cer 
but I am disinclined to equate behavioral arousal and attention regardless of 
how much the organism pricks up his ears and looks around bright-eyed. 
Specific alerting, with all the attendant mechanisms for making a response to 
a stimulus subset, is the heart of attention from my point of view. 

In making this definition of attention it should be clear at the outset that 
I am not arguing for a special concept of attention as a homunculus—the 
little man inside the head who determines a stimulus subset that will re- 
ceive response. A homunculus concept that presumably would take its place 
in theory alongside habit, motivation, and the like, seems to smack a bit of 
faculty psychology where an entity of the mind is postulated which con- 
veniently Tias all the directing properties for the class of behavior being ex- 
plained, and all without operational definition. Гат not at all convinced that 
Wwe need a scientific concept of attention as such, although our data will force 
it if it is needed, but we do need an increased concern with variables that 
determine how a particular stimulus subset becomes an elicitor for response. 
s, has shown concern with this matter 


Underwood (1963), in a recent analys 
of selective attending in verbal leaming and he finds no particular need for a 
concept of attention. Rather, his approach shows the topic amenable to S-R 
(stimulus-response) learning analysis. Actually, an S-R approach to selective 
Estes (1959) dealt with this matter in his statistical 


attending is not new. 
postulated. random sampling of stimulus subsets 


learning theory when he 
tuthrie (1959, pp. 178-179) and Underwood 


from trial to trial, and both € 


(1963) distinguish between nominal stimuli of the phys 
the subject and the cue or functional stimulus to 


ral world which 


abundantly impinge on j 
which the subject responds. Guthrie said that the change of nominal stimuli 


to cues is a result of learning, and this is hardly disputable. The whole study 


of learning can be construed as the study of attention because a part of the 


stimulus complex comes eventually to evoke a discriminative response, but 


this would hardly be a useful conceptualization. What would be useful, how- 


ever, is a better grasp of how stimulus subsets from the great welter of those 


impinging become effective for response, and how these selective acts 


pattern themselves over time and change with learning, motivation, work 


inhibition, ete. Many lean on the legacies of Guthrie and Hull that learning 
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occurs to all stimuli impinging at the moment of response, but it is 1 
increasingly clear that the human being is not a tabula rasa on which all 
stimuli write equally, and that the stimuli which the experimenter presents 
and manipulates for response may not enter totally into the S-R bond on = 
trial. The subject may attend only to aspects of the stimulus complex, үа 
sort out some for response at one time and others for response at another. 
Waugh (1961) has an interesting study of the free recall of serial lists where 
she presents evidence to show that a subject on a trial accepts only enough 
items to fill the capacity of immediate memory and learns only them while 
ignoring the othe 


On the next trial another subset of items is selected, and 
so on until the list is learned. The subject uses a piecemeal strategy to learn 
the task in a manner quite different from assumptions of older S-R models of 
verbal learning that assume equal attention to all items and an increment of 
habit strength for each item on а trial. Here our understanding of attention» 
of how the subject comes to choose a stimulus subset, involves the subject $ 
strategy in attacking a memory task of he: 


‘istics ©: 

avy load and the SERE. 

М + ; s re fully 

items that urge their selection on a trial. When we come to grapple more fully 
with matters such as these 


I think we will be regaining touch with the subtle, 
selective behavior that the introspectionists call attention, and I consider this 
a robust trend because in their own way I believe they were in contact with 
important behavioral phenomena that need lawful explanation. 

5 toward behavioral observation and m sasurement 
are crude expressions of attentiveness as I have defined it, and they gloss 
over most or all of the behavioral details which are at the heart of attention 
as psychologists have conceived it for almost a hundred years. Most of our 
experiments use such behavioral measures as percentage correct, number o 
responses per unit of time, response latency, time on target, trials to criterion» 
integrated error, etc. All of these 


Our modern approache 


measures grossly reflect attentive behavior, 
because obviously stimuli are received, but we have ridden roughly over the 
fine grain of behavior that once was attention. There is no methodologic? 
issue associated with these gross behavioral units because lawfulness ca" 
proceed at any level of description. Nevertheless, these big units conceal the 
fine fabric of behavior where attention is woven, and I think that neglect of 
behavioral detail is attenuating the goal of good predic 
level of large-scale description where 
chooses to operate. I would sug, 


i f е 
tive laws even at 1 
i aval 
experimental psychology usual) 
1 ours 
gest that a goodly amount of variability occu 


| : кр еШ" 
ause subtle behavioral details operate in differe! 
amounts at different times during 


in behavioral measures bec: 


А * e; 
the course of our observations. For exampl 


" 3 à А "Curs. 

isually oriented to à stimulus when it occur 
may 

and he may ог may not respond or he may respond slowly. Or he may or ma? 


not have a suitable anticipatory state and suitable muscular readiness. In- 


a subject may or may not be v 
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creases in variance certainly will result. Theorists like Hull and Estes built 
mechanisms of variability into their theories, undoubtedly because the de- 
tails of the responding and their determinants were ignored and they felt 
obligated to give some account of the ubiquitous variability of behavioral 


data. Jam not so optimistic to think th 
s, but we must prod ourselves from time to 


at variability will ever be completely 


removed from behavioral measure: 
time and remember that much of v 
regarded variables and mechanisms, and the preci 
wing them. And, by minding the details of responding, 
we might hope to describe them lawfully and to predict, say, which element 
selected and given motor response for how long until 
- which nonsense syllable will be 
sures cloud 


ariability comes from the action of dis- 
ion of our behavioral laws 


is dependent upon kno 


of a display will be 
change is made to another element, or 


chosen for memorization on a trial. Our present behavioral mez 


these details because they contain a myriad of them, but prediction of these 


sponse details strikes me as an admirable scientific goal. 

These general remarks on atte w the groundwork for a swing back 
id what attention means for it. I would like to examine 
nt mechanisms that dete 
the observing response, anticipation, and 
ultiple stimulus streams. The empirical 
come from measures of 
s bear on the subtle 


ntion la 


to motor behavior a 
research on three promine 
stimuli that elicit а response: 
essing m 
echanisms often have 
but they neverthele 


rmine at any moment the 


human capacity for proc 
findings in behalf of these m 
massive chunks of responding, 


flow of attentive behavior. 


The Observing Response 


ior often have relevant stimuli 


of motor behav 
a one-dimensional visual track- 


nt to moment. In 
ay events with his eyes in order to re- 


Tasks used in the study 
varying spatially from mome 
ing task the subject follows the 


ceive the data that command his response. з 
anactive requirement for visual responding 


criterion motor response. In 


displ 
Our venerable friend the Rotary 


Pursuit Test is a good example of 


that importantly determines the accuracy of the 
al visual tracking the burden for eye movements, and some- 


ats, is doubly he: 
of the moment as well as visually follow the 


multidimension | | —.— —— 
i avy because the subject must select the 
times head movemer n» 

"sponse 
until shift is made to another source. Complex 


common for motor behavior, represent 


stimulus source for his rc 
events of the source for a time 


displays such as these. which are | "pres 
instances where the subject is physically unable to receive all stimuli at 
rent is disc riables and mechanisms that 


9nce, and our assignn overy of the va 
determine stimulus reception. 
isic element for att 


ention in visual-motor task 


We have, then, as а ba 
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small-scale response for the visual system that intervenes between the display 
and the motor response that we measure. It is a response chain that we are 
dealing with—an observing response as antecedent to the motor response. 
Wyckoff (1952) held that an observing response is any response that de- 


termines stimulus reception, and visual receptors are the most prominent 


example of it although, by Wyckoff’s definition, other responses can function 
for stimulus reception as well. In any event, occurrence of the criterion motor 
response is often dependent upon the visual observing response and study of 
stimulus properties that evoke it, as well as its le 


ning and retention, should 
give us an improved capability for predicting motor behavior. Certainly a 
portion of the variance in motor-learning curves must stem from learning the 
visual observing respons 


Just as motor-forgetting functions in part probably 
represent loss in effectiveness for the observing response. Irion (1948) in- 
cluded changes in receptor orienting mechanisms as а contributor to loss of 
set which is revealed as warm-up decrement. No one has explored this feature 
of Irion's hypothesis, but his thinking is consistent with the thesis that greater 
concern with fine-grain behavioral details is 
lawfulness. 


a valuable part of behavioral 


The Observing Response and Measurement of Eye Movements 


The direct measurement of eye movements has most often been a labora- 
tory method carried under the rubric of perception, but hardly ever motor 
skills. Basic perception has been concerned with how complex forms are 
scanned and assimilated, and applied studies of reading and advertising have 
had similar interests. Ford, White, and Lichtenstein (1959, p. 287) list four 
choices of research vehicles for collecting eye movement data. First, the 
pure optical procedure by which eye move 


ments are plotted from a light 
beam reflected from a small mirror attache 


d near the cornea and registering 
in two dimensions on photographic paper. Second, eye camera procedures 
whereby reflected light from the convex corneal surface is photographed with 
a camera using continuous moving film (the ophthalmogr: 


aph; e.g. Arnoult, 
1958). Third, analysis of motion pictures of the eve 


s during execution of the 
visual task (e.g. Baker, 1960; Jones, Milton, & Fitts, 1949). And fourth, 
electro-oculography by which a plot of eyeball movements is made from а 
pickup of the corneo-retinal potential (e.g. Ford, 1957; Ford et al., 1959; 
White & Ford, 1960). 

J. F. Mackworth and Mackworth (1958) comment that a diffie 


ulty with 
these various methods is relating ey 


е fixations to positions on the visual 
scene, and their ingenious solution combines the corneal re 


nique with closed circuit television. One television c 


flection tech- 


amera scans the pip of 


light reflected from the corneal surface, another scans the visual scene, and 
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the two pictures are electronically mixed to give a continuous showing of 
the scene with a moving pip of light always showing where the subject's eye 
is fixated. The apparatus is cumbersome and requires a bite bar for keeping 
the head rigidly in place, but recent improvements by Mackworth and his 
associates substitute a small motion picture camera for television equipment 
and the whole assembly is mounted on a helmet which the subject wears. 
This arrangement not only gives mobility to the subject, but also gives a 
permanent film record which investigators require. This recent development 
would seem the most promising of all for the study of eye movements and 
skills, but no studies have come to my attention as yet. 

The principal difficulty in using eye movements for inferring observing 
responses is that they measure looking, not seeing. Thus, they fail as a 
primary measure of an observing response which functions to provide the 
discriminating stimuli for the criterion response, which is a motor response 
for our purposes here. Having the eyes properly oriented is part of the battle, 
but if we are interested in how stimuli of motor tasks are received then we 
apable of exciting the motor responses 


must remember that stimulation с: 
ample, the subject has some capa- 


is far more complex than looking. For ex 
eripheral vision even though he is not looking. 


There is the matter of visual threshold which can deny seeing even though 
the subject is looking. The visual receptors can be “fatigued” and have a 
reduced capability for seeing even though the subject is looking. Studies 
of Vigilance by Bakan (1955), M ‘Farland, Holway, and Hurvich (1942), 
and Zuercher (1965) have shown that with prolonged use the visual s 
tem becomes increasingly less sensitive. In a study using the Rotary Pursuit 
Test, Adams (1955) found that a period of watching a partner practice and 
discriminating his on-off target performance was sufficiently fatiguing for 
the visual system to lower the subject's arm-hand performance in a sub- 


bility for receiving stimuli in p 


sequent practice session. 

Because of these various differences between looking and seeing— 
a stimulus and discriminating it—I think 
direction of seeing or, more generally, 
; receptor orientation but also 


between being merely oriented to 
that we must throw our weight in the 
t only impli 
for the criterion response that follows. 


the observing response, which no 
Stimulus reception and discrimination 
If this point of view is granted, it indicates for this state of the scientific game 
that we have an emphasis on molar behavior and use the criterion motor 
response for inferring the observing response- Sanders (1963) holds a similar 


view. Measures of eye movements and looking should not be totally dis- 


counted and set aside, however. Measurement of eye movements can be 
han that motor behavior and eye movements 


Wörth i 
orthy if for no other reason tl 
h may bear far more fruits 


have not been studied jointly, and such researc: 
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than my remarks here have indicated. Certainly measures of eve movements 
could be expected to account for part of the variance of motor behavior. 
Nevertheless, I stand by my general criticism that measures of eye move- 
ments are at best a half-way house and that infere 


ces of the observing re- 
sponse from measures of the criterion motor response itself are probably best. 


This approach is old hat for experimental psychologists. Frequently we infer 
about remote behavioral states from the gross, large-scale behavioral patterns 
that are our dependent variables. Inferring the internal fear or anxiety re- 


sponse from overt behavior is an example. 


Inferring the Observing Behavior from Motor Responses 


Let me discuss 


studies that cast light on workings of the observing re- 
sponse as inferred from motor responses. A basic variable for the observing 
response is number of stimulus sources to which a subject must attend. If the 


subject's task is to find a particular stimulus quantity or quality from a num- 


ber of stimulus sources, the greater the number of stimulus sources the 
greater the average search time to locate and report the value. In à nonmotor 
study Senders (1952) used a tachistoscope and studied the effe 


Us of number 
of dials on reading time and reading errors. 


The number of dials studied 


varied from 1 to 45. Her results showed that both reading time and reading 


errors were a linear increasing function of number of dials displayed. The 
mning mechanism the longer the 
time taken to detect a critical event and the poorer the 

A closely related variable is spatial separ. 
this has been most fully investigated with multidimensional visual tracking 
tasks, although Sanders (1963) made a noteworthy study that used key 
pressing as a response. It is reasonable to assume th 


greater the labors assigned the visual sc; 


performance. 


ation of stimulus sources, and 


at the greater the separa- 
tion between sources the longer the time taken for the 


travel back and forth and the greater the likelihood th 
build up at a source. Empirical dat 


observing response to 
at tracking error would 
a support this expectation. Fitts and Simon 


(1952) used a two-dimensional compensatory pursuit task and found that time- 


on-target scores decreased as separation of two stimulus sources was increased 
from 4 to 16 inches. Similarly, King (1961) used a two-dimensional com- 
pensatory pursuit tracking task and found that time on target de 


creased as 
separation of the two sources was increased from 3.5 to 10 inc 


hes. А compre- 
hensive study was described by Briggs and Howell (1959), who used a two- 
dimensional compensatory tracking task and varied the se 


paration of stimulus 
sources from 2.1 to 10.7 inches 


Frequency for a sine wave input was also 
varied and had values of 4, 8, or 12 cycles per minute. Consistent with the 
other studies, tracking error increased as separation of sources increased. The 


deterioration of tracking proficiency as a function of spatial separation was 
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All studies of tracking show that 


about the same for all input frequencies 
spatial separation of stimulus sources, as a determiner of the observing re- 


sponse, is a potent variable for motor performance. 
In the case of multidimensional tracking where stimuli are dynamic and 


sources 


change with time, the subject has error building up on the other 
when he is correcting error at a given source. After error correction at a 
particular source he must then select another one. Assuming equal weight 
to stimulus sources, selection could be on the basis of a learned pattern for 
the observing response where the subject moves from one source to another 
in an orderly fashion, or it could be strategy of finding the source with the 
largest error and correcting it. When one or more sources are weighted more 
unple, in landing an aircraft on instruments, 
se instruments which the pilot knows 


ind safety. Or, 


heavily than others as, for e 
there will be greater attention to the 


ently related to succes 


through his training to be most promin 
d, he might scan two or more 


if a subject is highly skilled and coordinate 
sources, discern error, and then correct them all to 
movements, We know precious little about shifts in attention for complex 
about coordination and how a subject might 


gether with a set of unified 


panel arrays, and even less 
achieve the high skill of apprehendin 
ted response. 

about workings of the visual 


g events of two or more sources and 


giving them a simultaneous, coording 
The studies discussed so far allow inferences 


observing response from manipulation of task variables that are assumed to 


affect it, and this is a useful approach. 1 
in analysis of response records in a 


wenta step beyond and, with a fine-grai 
king task, made direct measurement and infer- 


lowever, a research project of mine 


two-dimensional visual trac 
ences about the observing response, its patterning, and what it meant for 


overall task. The equipment w 
g system where the subject's tracking 


s a pursuit tracking 


motor proficiency in the 
task that had an analog-digital recordin 
error values were recorded in digital form for analys 
initial study (Adams & Webber, 1961) digital records of tracking error were 
as noticed that they were typified by error peaks: where 
t sensed it, and then eliminated it with a corrective 


is by a computer. In an 


printed out and it w 
error increased, the subjec 


motor response. An error peak is a com 
the observing response is the heart of it. 


plex act of visual sensing and motor 


responding, but in a very real sense 
The top of the peak, or the ma imum point of the tracking error function be- 
nts of little or no error (on-target behavior), was 


tween two successive segme 
taken as the point where a subject observed the error event and began re- 
sponse to null it. This initial study set our basic 
study (Adams & Webber, 1963) fully explored ramifications of the error peak, 
including a computer model based on itt 
e of input signal, and practice trials. The 


methodology, and our second 


hat had provision for simulating one- 


or two-dimensional tracking, typ 
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details are rather elaborate, but for our purposes here I would like 
some of the properties of error peaks in two-dimensional tr. 
size the value of fine-grain analyses. We deve 


to mention 
acking and empha- 
loped a computer program for 
nt of error peaks from digital 
program made zero-order probability, 
and first- and second-order conditional probability 


the automatic identification and measureme 
tracking error records. Furthermore, the 
‚ analyses of peaks to 
document the patterns of responding in the task = that is, whether subjects 
before shifting to the other, how 


wmd how these observing response 


dwelt repeatedly on a single stimulus source 
they shifted from one source to the other 


patterns changed with practice. 
Table I is adapted from Adams 


id Webber (1963) and it shows error peak 
data from 12 subjects on two trials. An irregular input was used at each source 
x and y. Forty practice trials were given, and Trials 4 and 40 
representative of early and late practice. Presented in Table I 
peaks for the group, zero-order probabiliti 


are shown as 
are number of 
es of peak occurrence for x and [E 


TABLE I 
ZEkRO-, FinsT-, AND Srcoxp-Onprn. Pnonani.rriks OF OCCURRENCES 
or ERROR PEAKS IN THE x AND y Din 
Two-DiMENsIONAL Pursurr TRACKING 


SIONS OF A 


n RREGULAR INPUTS! 


Trial 4 
No. of 
P. peaks PF x у Pas x у 
663 x ELI 56 xx 39 61 
y 43 489 ГА 75 25 xy 72 .28 
ux 48 52 
uu T8 22 
Trial 40 
No. of 
P, peaks Ру» x y Pu x y 
x „95 669 х .38 62 хх 4393. 67 
y 45 542 у 74 26 ху 72 28 
yx 40 60 
уу 81 19 


“The values shown are for the group 


of 12 subjects as a whole. 
90 sec. From Adams and Webber (1963). 


Trial duration was 
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and the first- and second-order conditional probabilities for occurrences of 
peaks in x and y. The center column has first-order conditional probabilities 
and gives, for example, the probability of a peak repeating in x, and the prob- 
ability of a peak alternating to y having just occurred at x. The right-hand 
al probability which is the probability of 
diate past history of the last two peaks. 
y small change in 


column has second-order condition 
occurrence in x or y given the imme 
The most interesting thing about Table I is the surprising 
arly to late in practice, and it is evident 


number or patterning of peaks from е 
that actions of observing responses are quite unchanging. Moreover, the 
aks on a trial and we found it 


computer program measured time between pe 
ct's patterning of attention 


did not change appreciably with practice. A subje 
of stimulus subsets for response —is somehow 


in the task—his selection 
and has precious little to do 


determined by the task demands themselves 
With practice. One would be on unsure footing to conclude that the observing 
response is insensitive to learning, for subjects in some tasks must certainly 
develop more efficient modes of scanning, but it is surprising that error p saks 
show so little effects of learning. Other analyses disclosed that motor learning 
ction of error once it had been detected, 
amount of time that a subject re- 
ction was completed. I find these 


Occurred in increasingly rapid corre 
in more deliberate responding, and in the 
mained in the on-target zone once а corre 
data support my contention that benefits are 
grain of behavior, and that useful inferences 
from molar motor behavior. 

Inferring the observing response from me: 
Sponse is not free of potential difficulties. An obvious problem to be examined 
is that inferences about the observing response contain variance from the 
motor response and the control system, 50 that if we held the display and 


to be had in examining the fine 
about observing can be made 


asures of the criterion motor re- 


Visual requirements for the observing response constant we might con- 
Ceivably infer different properties for the observing response. I do not know 
but it is accessible to res arch. By varying re- 


to understand. how motor factors 


litis wei 8 < 
1OW serious this problem is, 
able 


sponse. A good res 
sponse requirements and then 


Sponse requirements we should be 
obscure evidences of the observing те 
be to start with simple display and motor re 
augment the complexity to see how our inferences for the observing response 
are influenced. Another problem is that a subject may look and see but not 
10 record of his looking and seeing will be 
оет area, and I see no way of clearly 
em to be involved. Despite these prob- 
informative means of 


arch tactic would 


таке а motor response and so t 
obtained. This may or may not be a pr 
Setting at it. Decision mechanisms se 
lems, I find the data which I have discussed a more 
understanding the observing response and variables associated with it than 


the Sore: E 
he measurement of eye movements. 
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Anticipation 


So far, implicitly, I have been mostly discussing the kind of motor task 
situation where the input is irregular and unpredictable, and where the sub- 
ject has no advance information about task stimuli. A tracking task is often of 
this kind, where the subject must orient his visual observing response to the 
stimulus source, discern the requirements, and then execute the motor re- 
sponse. This is a classical paradigm in experimental psychology. A stimulus is 
presented, the subject senses it, makes an instrumental response, and as a re- 
sult has response delay (off-stimulus time) that lags the stimulus by at least 


one reaction time value. As widespread as such tz 


ss are, they fail to do justice 
to the range of possibilities for motor tasks and a major reason is that antici- 
pation is absent in them. The pioneering thinking and research on anticipa- 
tion was done by Poulton (1952a,b, 1957, b,), and he distinguishes between 
receptor anticipation and perceptual anticipation. 

Receptor anticipation requires that stimulus events for future responding 
be available for the observing response in the current display. Receptor 
anticipation is simply preview of forthcoming stimulus events, whether they 
are random or regular, and the subject can ready and prepare himself for the 
immediate future. Looking ahead while driving and planning for a sharp 


ample is a musician 


curve is an example of receptor anticipation. Another e 
who sneaks brief glances ahead in the musical score to be optimally informed 
and ready for the moment when the notes are to be played. Short-term mem- 
ory seems to be a mechanism here for retaining the advance information but 
little work has been done on mechanisms of receptor anticipation, and we 
cannot be sure that a musician's surreptitious glances benefit his performance. 
Leonard (1953) found preview advantageous for a discrete visual-motor task, 
but Gifford (1963) found that preview deteriorated response in pursuit track- 


ing because the subjects were making anticipatory responses that proved 


damaging to ongoing performance. Whatever the influences of preview, it is 
ing advance information and re- 


a case where the subject is active in se 
eptor anticipation" admirably expresses 


membering it. Poulton's label “r 


the action of the observing response in casting ahead for stimuli of the future. 

Perceptual anticipation, on the other hand, operates where there is no 
advance information in the outer world of the display. Through learning, the 
subject comes to know regularities in stimuli and can predict their occurrence 
with some accuracy. There are two kinds of perceptual anticipation: temporal 
and spatial. In temporal anticipation, the subject comes to predict when a 
stimulus event will occur, and in spatial anticipation the subject predicts 
where an event will occur. If a task has a single stimulus source the subject 
need only learn when stimuli will occur, but if there are multiple stimulus 
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sources there can be learning of both when and where stimuli will occur. 
Perceptual anticipation obviously requires regularities in the patterning of 
events so there is a stability that can be learned, although we know little about 
the defining conditions for such regularities. The benefits for motor respond- 
ing can be large because perceptual anticipation allows us to develop advan- 
tageous preparatory responses for the eventual motor response to the stimulus 
that is about to occur, and in the optimal case the motor response can be fired 
off slightly in advance of stimulus occurrence so the stimulus and response 
exactly coincide and error is zero. As the summit of achievement the subject 
could respond perfectly with his eyes shut—all his cues for responding are 
internalized. In effect, the observing response is now internal and the relevant 
stimulus subset for the criterion response becomes defined through learning. 
inticipation has been with temporal anticipation, 


arch on i 
amiss for savoring the salient research 


Most of the res 
and а selective review would not be 
directions. As re go in psychology, temporal anticipation has 
received relatively little work, and one should pause and reflect on this 
ntly the heart of so much skilled motor 


ch topics 


deficiency because timing is emine 
behavior, I have toyed with the possibility (Adams, 1964, p. 185) that our 
traditional concern with classical reaction time, with complete concentration 
nulus has occurred, has led us away froma 


On speed of response after the sti 
In classical reaction time studies, workers 


forthright attack on anticipation. 
have always endeavored to avoid 


аге concerned, we might well have been Бур 
xemplifies the advantages that stem from 


and pursuit tracking were compared 


anticipatory tendencies and, as far as skills 
ssing a big, potent mechanism. 


“4 * 2 = 
Poulton's experiment (1952a) € 
temporal anticipation. Compensatory 
a complex in 


put composed of two sine waves. 
tional changes in the input, and he 


for a si ing 
ra simple harmonic input and 
He was interested in anticipation ol direc 


took as his measure the time difference betw 
in direction for the response. 


icking, where the subject had full in- 
as well as feedback about his re- 
ctice clearly showed the presence 


een change in direction of the 
For the 


i x 
nput and the corresponding change 
regular harmonic input and pursuit tra 
formation on characteristics of the input 


SPonse to them, the response times after pri 
typically less than optimal classical re- 


ly unpredictable event where antici- 
also anticipation for compensatory 
but less than for pursuit tracking, 


of anticipation because they were 
action time (i.e., the value to a temporal 
Pation cannot be acquired). There was 
tracking with the simple harmonic course, 
and Poulton (1952a,b) concludes this was because compensatory tracking 


Confounds information about the input and response fo it, gitl these Mak 
eondidons axe poor for acquiring anticipation. With the complex input, gain 
to increased manual proficiency because 


n arfor: 1 
performance was due mainly 


anticipation was comparatively low and did not improve with practice. It is 
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evident that anticipation underlies some of the differences we find between 
types of input signal and between compensatory and pursuit tracking. 


Research in my laboratory has departed from Poulton's work and has 


been concerned with mechanisms of anticipation—that is, the underlying 
means by which a subject keeps time. Poulton’s experiments, as well as 
traditional work in time perception (Woodrow, 1951), were at the descriptive 
empirical level and need to be elaborated with efforts toward mechanisms of 
timekeeping. In our first experiment (Adams & Creamer, 1962a) it was found 


that pretraining the neutral responses of pressing a button, saying a word, or 


moving a small crank in response to the directional change of a sine wave 
input transferred positively to anticipatory timing for the arm-hand following 
response when the same sine wave was used as inputina pursuit tracking task. 
We hypothesized that proprioception is a common type of internal stimulus 
ssociated 


associated with all these responses, and that fractional movements as 
with the pretraining responses persist as the basis for anticipatory timing 
when transfer is made to the whole tracking task. Whether the subject has 
opportunity to form a mediation response through pretraining or has whole- 
task practice only, we hypothesized that the proprioceptive after-effects of 
response at time t persist in time and provide internal cues to which the motor 
occurrence at time t + At. 

ı visual perception 


criterion response is learned for anticipatory 


One could entertain a purely cognitive view where 
of the temporal patterning of events is sufficient for acquiring anticipation, so 
a second study was run (Adams & Creamer, 1962b) where we manipulated 
task variables that are presumed to define the quantity and quality of pro- 
prioception (e.g., Bahrick, 1957) to see if proprioception could be related to 
to anticipatory timing. Using a pursuit tracking task again, but this time in a 
discrete configuration where a subject tracked step displacements of the in- 
put, we had a 2 x 2 x 2 design where two values for each of spring tension, 
amplitude of movement, and signal duration were used. A subject had to 
learn to anticipate the time of occurrence of completely regular and repetitive 
step inputs, and we expected that greater amplitude of movement and spring 
tension would result in greater proprioceptive discharge and better timing. 
The longer signal duration should result in greater decay of the proprioceptive 
trace and poorer timing. Using as an index of anticipation for a subject the 
s than optimal 


percentage of response times to input change that were le 
classical reaction time, we found some support for our hypothesis. Figure 1 
gives the results. Both spring load and signal duration gave the expected ef- 
fects but amplitude of movement did not, and we do not know why. Despite 
the failure for amplitude of movement, we concluded that proprioceptive 
stimuli appear to serve for response timing, in addition to their customary 
role of internal feedback that aids in the regulation of movements. 
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Blocks of 30 responses 
T Fic. I. Percentage of anticipation responses in one-dimensional discrete tracking 
(from Adams & Creamer, 1962b). 


Anticipation in Complex Tasks 

In an experiment (Adams & Xhignesse, 1960) that was designed for the 
Study of variables in two-dimensional tracking, it was found that temporal 
cy with which subjects processed 


anticipati RER Г „eie 
anticipation was a major factor in the efficien 
tracking task has three linearly 


Stimuli at two spatially separated sources. The 
“rayed stimulus lights at each stimulus source 
State control for each hand. The left-hand control was for response to the left 
itc hand control was for response to the right-hand 


and response was by a three- 


Stimulus source and the r 
Source, The task was fundamentally pursuit tracking because each stimulus 
light had a feedback light beneath it that was linked to a control, and the 
i of both the stimulus event at a source and the 
as to keep the feedback light aligned 


subject. 

bject always had knowledge 
^ositi ма ж 8 
Position of his control. The response W ; 
85 much as possible beneath the stimulus lights as they changed. To provide 


for manipulation of the observing response, the two stimulus sources were on 


A өнүү: dear 
* semicircular track at eye level and each was placed 
f nding upon the experimental condition. 
and a slow (one change per 2 seconds) 


5 or 30 degrees on either 


side m à 
B € of the center line of vision, depe 

oth ; 
SH th a fast (one change per second) 
Stimulus rate were used. | 
le through predictability of the center stimulus 


Anticipation was possib ig 
А predictable condition, the sub- 


ight at each source. In the high-coherency : ‘ - 
Jeet always knew that the center light would follow either of the other two 
ights after a fixed amount of time, so this was а case of both event and time 
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certainty. A low-coherency, unpredictable condition had event certainty for 
the center light but temporal uncertainty where the center light always 
followed either of the other two lights with uncertain foreperiod and the 
subject was never sure when it would come on. The center light of the three 
in a source was white and the two lights adjacent to it were red and green. 
Predictability, or coherency, was defined by the conditional probabilities 
defining the sequencing of the three events. Table II shows that for a source 
in the high-coherency case no event follows itself and every colored event 
was always followed by a white event. However, a white event had a .50 
probability of being followed by red or by green. Such a series for à source 
might look like red, white, red. white, green, white, red, white ete. In the 
low-coherency case, however, a colored event has a probability of .50 of being 
followed by itself or by a white event. This meant that a colored event, in 
sometimes repeating itself, persisted for longer than the 1 or 2 seconds de- 
fined as the duration of each event for any particular group, and the white 
event in effect had an uncertain foreperiod. Thus, with three succ ve red 
events for a 2-second condition, the subject would be confronted with a re- 


quirement in a source to hold the control aligned with red for 6 seconds. A 


TABLE П 
ZERO-ÖRDER AND CONDITIONAL Pnonabi 
THE Two COHERENCY LEVELS OF THR! 
Rep, WurrE, ann GREEN ar EACH Source 


TABLES FOR 
SrimuLus LIGHTS, 


" 


High Coherency 


Pis Psy а — 
Red White Green 
Red 25 0 1.0 0 
i White 50 | i 50 0 50 
Green 25 0 1.0 0 
Low Coherency 
a ———— — — 
Ru, Pen — n — 
Red White Green 
Red | Red 50 50 0 
i White Җ. White 50 0 50 
Green 33 Green 0 .50 .50 


"From Adams and Xhignesse (1960). 
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low-coherency series in a source might look like white, red, red, white, green, 
Breen, white, red, red, red, ete. All events were treated as discrete and of 
fixed duration for the purposes of constructing the probabilistic, time-based 
series but allowing an event to repeat itself in the low-coherency case en- 
nts as longer than others. Thus, in the low- 


coherency з $ эк 
зегепсу case the within-source ins ibility also gave low between-source 


abled the subject to see some eve 
coherency because the subject was never certain when a colored event would 
change to white in either source. This is to be contrasted with the high- 
coherency series where the within-soure 
olored event in the left source was always paired 
, and both of them simultaneously 
a colored event in the right 
had an event class 


: e regularities give high between- 
source coherency because ac 
with a white event in the right-hand sourc 
changed to a white event in the left source and 
Source. In the high-coherency series the subject alwa 
Present in one of the stimulus sources which he could potentially predict in 
tig and type and reduce the requirement for visual scanning, while in the 
9w-coherency series he never had this stability. 

n stimuli were unpredic 
performance. than adjacent, 


The results showed that whe table the widely 


Separate á : 
Parated stimulus sources induced poorer 
tent with othe 
vious section of this chapter on 


r research on the effects of 


closely spaced ones, which is cons 
ота separation of sources cited in the pre 

e There were no regularitie 
: but to use an active scanning of head and 


son which to base antici- 


"ie Observing Response. 
i the subject had no choice 
Whitin p 3n the stimulus requireme 5855 | 

prediction of events was possible по difference w 
Narrow and wide separation of sources. Through anticipation the subject 
үң sidestep the high demands placed on observing by the wide separation. 

cues for the center light learned and internal, the subject no longer 


Neede, 

tl ded had only t 
he de Y 
^g other could be anticipated. Evidence 

e records as response times 


nts for response to each source. But, 
found between 


as much visual scanning. He o orient to the source where 
nere 

lor Neertain event was located — the 
f. anticipation was found in the performane 
aster 


Othe 


reaction time, as in Poulton’s work and our 


The anticipation effects were 
study on proprioception and 


ssical 


than optimum c 


Y studies on anticipation. mast onient 
h conforms to the 


Or the fag ; А 
ле fast stimulus rate, whic 
re discrete stimuli of relatively 


tier ` : 
Ў Cipation (Adams & Creamer, 1962b) whe 
1g duration had poorer anticipation than those of short duration. Longer 


Stim 

ulus Ey à | 
ШЕ duration means longer time betwe 
sis, the proprioce 


en response changes and, in terms 
vs more and 


of our 
ir proprioceptive hypothe ptive trace dec 


is legs 
SS effecti ; А : 
v effective in cuing the motor response. 
igilance 
tudents of anticipation should not overlook the domain of vigilance as a 


Source of + 2 м s 5 3 
tee of useful information (Frankmann & Adams, 1962). Vigilance is the 
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study of alertness for the detection of critical signals when they occur. Periods 
of watchkeeping customarily last one or more hours. With one stimulus source 
to monitor there can be only temporal uncertainty about when the next signal 
will occur, but with a visual display having multiple stimulus sources there 
can also be spatial uncertainty about where a signal will occur. The topic of 
temporal anticipation runs under the banner of expectancy in the vigilance 
area (Baker, 1959; Boulter & Adams, 1963; Deese, 1955; Frankmann & 
Adams, 1962), and considerable work has been done on it. Little has been 
done on spatial anticipation, however. 

Adams and Boulter (1964) have recently reported on man’s capability for 
anticipating where and when a signal will occur in a vigilance task. Their 
investigation is an example of how anticipation can influence stimulus recep- 
tion from a complex display. The task had three stimulus sources arranged 
over 144 degrees and time of pressing a button in response to occurrence of 
a signal was the measure of performance. The stimulus was the arbitrary 
number 20 that came on for 5 seconds. If one is so inclined, this task can be 
viewed as a discrete visual-motor task where motor response time is recorded 
to stimuli that are spatially dispersed and occur infrequently. Our experi- 
mental variables were spatial and temporal uncertainty. There were four 
groups with all combinations of temporal and spatial certainty and uncer- 
tainty. The temporal uncertainty condition (TU) had nine intersignal intervals 
ranging from 15 to 438 seconds randomized in each 30-minute trial period, 
but the signals always occurred sequentially on the display from left source 
spatial certainty 


to right source and then right to left, ete., so that there w: 
and a subject always knew where a signal would occur. A certainty condition 
(C) also had spatial certainty but in addition had temporal certainty where 
the intersignal interval was constant at 195 seconds, which was the mean of 
the nine intervals for temporal uncertainty. Condition SU had spatial un- 
certainty with temporal certainty, and condition U had both spatial and 
temporal uncertainty. A monitoring session was 2.5 hours divided into five 
uninterrupted 30-minute trials, and a practice session was given in the days 
immediately before the criterion session to insure learning of the conditions 
of spatial and temporal uncertainty that would prevail for a subject. Instruc- 
tions also emphasized the certainties and uncertainties of the task for the 
subjects of a group. 

The findings are presented in Fig. 2. The solid line for each group rep- 
resents means for all three stimulus sources combined, and the dotted 
lines are for each stimulus source separately. Performance was directly 
related to the predictability of events. Group C had events perfectly pre- 
dictable in time and place, and their performance was best. Group TU had 
events that were only predictable in place, and they rank next in proficiency. 
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: ncertainty about where an event will occur is more damaging for per- 

ormance th; ; i 

о than uncertainty about when an event will occur because Group 
was distinctly poorer than Group TU. And Group U, which had signals 


that were both uncertain in time and place, was the poorest of all. 


It should be made clear that in this experiment the advantage of temporal 
certainty (with accompanying event certainty) is somewhat different than in 
2a) and Adams and Creamer (1962a,b). In 


the experiments of Poulton (1952: 
the latter experiments the subjects anticipated in the fullest sense of the term 


because they came to jump the gun and key the motor response a bit ahead of 
times shorter than the ideal reaction time. In this 
task and instructions, the subjects always 
responding, so here the role of 
muscular set. How- 


stimulus to give response 
Vigilance study, by virtue of the 
Waited until after the event occurred before 
expectancy was probably a heightening of preparatory 
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temporal uncertainty 
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Fic. 2. Performance in a three-source vigilance task as а function of spatial and 
xt for fuller explanation. 


te " 
*mporal uncertainty (Adams & Boulter, 1964). See te 
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ever, there is no reason to believe that genuine anticipatory expectancy 
would have been possible with an interstimulus interval of 195 seconds. 
Spatial uncertainty operated in behalf of the observing response in a very 
positive fashion. With stimulus sources arrayed over 144 degrees there was 
heavy demand on head and eye movements to scan back and forth, and there 
was a good chance that a subject would be oriented to the wrong source when 
a signal occurred. As a result his response latency would be increased by the 
time it took the observing response to swing around to the source with the 
signal and detect it. Such visual doubts are absent with spatial certainty be- 
cause the subject knows where the next event will occur. The only problem 


for him is when the event will occur, and this problem lessens as temporal 


uncertainty decreases. 


Limitations in Human Data Processing 


Interest in the limits of human data processing has its taproot in engi- 
neering psychology where quantification is hoped for the rate at which the 
stas we quantify 


human can receive, digest, and respond to stimulus events, ji 
the capacities ofa digital computer. By knowing these properties of the human 
being it is hoped he can be used in an informed manner when he is combined 
with machines in a man-machine system that must conform to specifications 
for rate of data processing. I have come to regard this topic like guerrilla 
warfare where the enemy always melts into the bush as you approach him. 
ble stimuli and the ways they can be presented to a 
subject, all the types of responses that can be required to stimuli, all the 


Considering all the pos: 


mechanisms (e.g., learning, motivation) that can intervene between stimuli 
and responses, and the great variability that individual differences force upon 
set of values that state human 


capacity and will be useful for the engineering world. The problem is as big 


the data, I see no prospect of locating a tid 


as psychology itself. Engineering psychology wants to know how well and 
how fast a subject responds in a given situation but this is a statement of what 
all psychologists want to know. Achievement of this goal comes with knowing 
over 


the laws of psychology, and so the domain of engineering psychology 
the long run becomes coexistent with that of psychology at large (Adams, 
1961). 

Nevertheless, the general line of thinking and research on human data 
processing has stimulated topics which might otherwise have been bypassed. 
Lik 


panorama and then dim, we are left a bit richer by a residue of new data and 


many ideas, hypotheses, and theories that highlight on the scientific 


ways of viewing behavior. For me, an important residual has come from 
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5 ies 3 " а С Р: att s е; 
tudies of psychological refractory period or, as it is often called, the hypoth- 
esis of ^ "e а 

is of the human operator as а one-channel information system. I find the 
topic of interest for attention and how a subject selects from the total environ- 


ment that stimulus subset which is given the response of the moment. So far 


in this chapter a main concern has been with response to multiple stimulus 


Sources that are spatially spread out, so a subject’s responding is sequential 
ally finished before the next begins. The subject re- 


and one response is usu 
nts visually to another 


Cives stimuli from a source, responds to them, reorie 
ing response is elim- 


SOUTER, responds to it, ete. But what if the visual obse 
inated? How well will the subject respond to two stimulus streams that 
ther? Will there be performance degradation, 


i i " 
Mpinge together or nearly toge 
e? Can he divide his attention, as 


or can a person truly do two things at onc 
Woodworth phrased it (1938, p. 708)? Stating the issue colloquially and ask- 
ing whether a subject can do two things at once fails to capture the germ of 
the matter, however. We all do two or more things at once, like walking and 
talking, but can we do them together without impairment? Therein lies the 
we can justifiably call him a one-channel system. 
i mask whether the human 


sue. If a subject cannot, 


Expressing the topic in terms of attention, We сг 
ow him to respond fully and without 


subject has internal constraints that all 
impairment to only one stimulus subset 
label the topic, it all becomes another way of as 
a stimulus complex for response. 

as generated by Telford (1931), 
stimuli was length. 


at a time. However one chooses to 
sking about mechanisms of 


Selecting a stimulus subset from 

The first relevant empirical evidence № 
Who found that reaction time to the second of two auditor 
ened when the interstimulus interval was decreased to 500 milliseconds. Rea- 
3 tions by Thorndike (1927) and Dodge (1927), 
Pelford concluded that after stimulation and response a subject becomes re 
factory and relatively insensitive to immediate reactivation in a manner an- 
alogous to the refractarijte s of individual nerve fibers. Craik (1948) appar- 
ently was the first to make something conceptually out of all this. He said that 
ss thi 
down motor nerves. A new stim- 


Soni А ч 
Ning through achain of observa 


there may be a central computing proce it acts upon a stimulus when it is 
ceived and which controls the discharge 


ess is going on will be impaired in activating 


thus received while this proc 
its response. 

The common experimental paradigm 
ries of stimulus p 
d intersignal intervals. If response to a 
shen the intersignal interval becomes 


for testing the one-channel hy- 
Pothesis has been to presenta se airs where the members of 
Ше pairs are separated by assigne 
Second member of a pair shows delay w 
onditio: 
ly prior stimulus to occupy the “com- 


rief, as compared with a control c a that has response to the second 
sti 3 б ; 

mulus alone without an immediate 
Puting center," then evidence is mustered for the single channel view. 
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While all studies have adhered to this paradigm as I have broadly stated it, 
there has been variation among the details from experiment to experiment 
and peripheral contamination has been a possibility with some of them. Some 
studies have used two visual stimuli which, even though seated close to- 
gether on the display, probably elicit some small action of eye movements 
which adds to delay in the second response by the amount of time it takes the 
eyes to shift from one stimulus to the other. Other experiments have used 
successive responses by the same hand which can add to delay in the second 
response because of inertia in the arm-hand that would enforce extra time to 
reactivate this effector. My preference is for the task design used by Davis 
(1957, 1959) where the two stimuli impinge at different sense modalities to 
eliminate the visual observing response, and the motor response to each 
stimulus is by a separate hand. Whatever delay effects now occur can more 
reasonably be ascribed to central processes. The contribution of peripheral 
effects in less than optimal task designs is probably not large but if interest is 
shown in quantification of central delay phenomena, as it has been by our 
British colleagues, then the quest for a “риге” task design is worthwhile. 

It would be helpful to set the stage by citing the findings of a representa- 
tive experiment by Davis (1957). Using two subjects, Davis obtained a large 
number of observations from each in a two-dimensional reaction time task 
where a visual stimulus was presented for key-pressing response by one 
hand and an audio stimulus for the same response by the other hand. The 
interstimulus interval varied randomly from 50 to 500 milliseconds, and the 
interest was whether response time to the second stimulus (audio) would be 
increased as the intersignal interval decreased. Assessment of increase in 
reaction time was by comparison with a control series where the task was 
simple reaction time to the second stimulus alone. A decrement in the second 
response when interstimulus intervals were short was what Davis found, as 
have a number of other investigators. For both subjects there was no effect 
on response to the second signal when intersignal interval was greater than 
250 milliseconds. Below 250 milliseconds the decrement steadily increased 
until at 50 milliseconds reaction time to the second signal was almost twice 
that of control responses. The human being does indeed seem intolerant of 
S-R sequences spaced too closely, and a one-at-a-time channel is not an un- 
reasonable hypothesis. More extensive reviews of experiments of this sort 
are given by Broadbent (1958), Adams (1961, 1964), Welford (1960), and 
Reynolds (1964). 

Hick (1948), Poulton (1950), and Elithorn and Lawrence (1955) have dis- 
cussed an alternative explanation of data such as these in terms of the expect- 
ancy hypothesis. If I divine sentiment in the British literature properly 
these prophets have been without honor in their own land, but I have found 
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their ideas provocative for my own research and capable of accounting for a 
good bit of the phenomena. In simplest terms, the expectancy hypothesis 
says that response delay at short interstimulus intervals is because the sub- 
ject is not ready, or "set." Over the relatively long stimulus series the subject 
comes to learn about properties of the random distribution of interstimulus 
intervals and is thought to be most prepared for responding when the interval 
is of intermediate length. When a very short interval occurs the subject is not 
ready and his response to the second stimulus is lengthened. Here is temporal 
anticipation again, and this usage of expectancy is about the same as in the 
vigilance area. Vigilance workers have been particularly concerned about 
expectancy when a distribution of random inte 
Frankmann & Adams, 1962). 

; is that a subject can be a 


stimulus intervals occurs over 


à long series of stimuli (e.g. 

An implication of the expectancy hypothesi 
respond to two closely spaced or simultaneous 
expectancy states. This hypoth- 


multichannel system and 
Stimuli provided he can acquire appropriate 
esis was tested in an experiment (Adams, 1962) by manipulating the ran- 
dom distribution function for interstimulus intervals in the hope of making 
Subjects more expectant for small intervals and show less or no decrement in 
the second response. The one-channel hypothesis would hold that decrement 
is a function of interval length defined by the computing center's processing 
time, not the statistical structure of intervals over the series, so this procedure 
Should discriminate these opposing interpretations. The task presented 
nuous series, and responding was with two 
and the subject always knew what was 


audio-visual pairs in a long, conti 


hands. The task had event certainty 
going to happen at each source, but there was temporal uncertainty about 


When the visual event would occur and when the audio event would occur 
after it, and it is the latter uncertainty 
The audio stimulus lagged the visual one by either О, 100, 200, 400, or 800 
milliseconds for each pair, and {һе experimental variable was probability 
Of occurrence for each of these s. One group (HU) had high uncertainty 
al having equal probability of .20. 
nerally used in experiments on 


which was the experimental variable. 


value 
ach interv 
are ge 
dium uncertainty, with the probability 
ased to .60 and all other intervals at 
because the probability was 


of occurrence for intervals, with е 
Rectangular distributions of this sort 
this topic. A second group (MU) had те 
for the 100-millisecond interval incre 
:10. The third group (LU) had low uncertainty 
80 for the 100-millisecond interval and .05 for the others. Each subject had 
and served as his own control. An operations re- 
COrder was used to record all stimuli and all responses at the final stage of 
sis was concentrated. If the expectancy hypothesis 
100-millisecond interval should make sub- 
als and there should be reduced or even 


Unisensory control series 


training, where the analy 
15 correct, our biasing toward the 
Jects more expectant for short interv: 
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no impairment. But, if the one-channel hypothesis holds, then decrement 
should be found for intervals of 200 milliseconds and less because the com- 
puting process for the first S-R pair is considered to operate in this time 
range. 

The results supported the expectancy hypothesis. For intervals of 0, 100, 
and 200 milliseconds, where impairment is most prominent in other studies, 
group HU had significant decrement in each case. Group MU had a significant 
decrement at only the zero interval, and group LU had no significant decre- 
ment whatsoever. We made a further analysis of how the distribution of 
intervals affected the patterning of the two responses to each stimulus pair. 
We obtained a Difference Response Time measure from our records, which 
is the time by which response to the second stimulus lagged response to the 
first stimulus. The means of these measures for the three groups are plotted 
in Fig. 3 as a function of interstimulus interval. Notice that group HU lags 
the second response more, presumably because it has a greater frequency 
of longer intervals and responds with the general expectation that the interval 
will be rather long. The result for Group HU is longer response times for the 


second response when interstimulus intervals are small and the decremental 
effect that is traditionally cited as evidence for the one-channel hypothesis. 
This trend is essentially absent for the other two groups with their higher 
frequency of short intervals. 

I found this experiment convincing evidence against the one-channel 
view and for the expectancy position, but an experiment by Adams and Cham- 
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bers (1962) gave data that can be taken as support for the one-channel view 
provided the definition is restricted. Adams and Chambers used the same 
task as in the study by Adams (1962) just discussed, and they had temporal 
nt certainty and uncertainty for the audio- 


certainty throughout, but both ev 
Adams (1962) had event certainty but temporal un- 


Visual stimulus pa 
certainty. With certain events a subject always knew exactly what stimulus 
Was going to occur in each modality, and with event uncertainty there were 
two possible stimuli that could occur in each modality each time. For our 


Purposes here it will suffice to say about the findings that decrement was 


found when two simultancous stimuli had event uncertainty, and the possi- 


-channel view has credence providing the channel 


bility emerged that a one 
voices and is considered a 


is taken to be concerned with the resolution of cl 
a center that is occupied with stimuli and 


dese p 
ecision mechanism, not merel 


) took this modified hypothesis as his point of 
ne task as Adams (1962) and Adams 
h modality for each 


res я : : 
oe per se. Creamer (196. 
departure and, using essentially the 


and Chambers (1962), had a two-choice situation in eac 
as to find the function relating decrement in 


of interstimulus interval. Interstimulus 


bisensory pair. II 


xpectation W 
the second response as a function 
intervals were 0, 100, 200, 400, and 800 milliseconds. Events always occurred 
with complete time certainty so a subject could optimally learn when events 
Would happen. In this way expec tancy was ruled out, or at least minimized. 


All subjects had ideal conditions for acquiring 
d could be attributable to the proce 


interstimulus interval. Creamer's re- 


optimal temporal expectancies, 
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might surmise that many concurrent activities that we perform in everyday 
life involve highly stable, predictable sequences with high event and tem- 
poral certainty. However, when there is event uncertainty in a channel, and 
temporal uncertainty has been ruled out as a variable, there is clearcut decre- 


ment that is attributable to central restraints in event processing. It is my 
present conclusion that the human being is a one-channel system provided 
this channel is defined as a decision center whose function is the resolution 
of choices. Apparently one reason that a subject attends to one stimulus 
subset and not another is that he has a very limited capacity for processing 
choices present in the impinging stimuli. The key to this conclusion has 
been the unscrambling of event and temporal uncertainty which can pro- 
duce quite similar behavioral effects for different reasons. 


Conclusions 


I hoped to have made it clear at the outset that attention need not be 
elevated to the status ofa concept in behavior theory. Rather I tried to empha- 
size that a minding of the behavioral details that we might carry under the 
rubric of attention would eventually sharpen the quality of our behavioral 
laws. Notable among these is closer concern with identification of the stimulus 
subset to which a response of the moment is given, and I have discussed 
visual observing, anticipation as an internal cue for the occurrence of a 
stimulus subset, and how data processing limitations of the human being can 
determine a stimulus subset that is given unimpaired response. These three 
aspects of attention are not exhaustive for the many ramifications of these 
matters but they are aspects which have received their substantive develop- 
ment by investigators of motor behavior and therefore seem particularly 
worthy of elaboration here. As these issues are attacked with research they 
will eventually fan out and embrace knowledge in other, more traditional, 
areas of psychology. Thus, preview of stimuli to occur is clearly a primary re- 
search realm for understanding stimulus selection and, in receiving future 
stimuli, the subject must use short-term memory in holding the stimuli for re- 
sponse. Memory, then, will become a part of the study of attentive behavior, 
just as other behavioral mechanisms will most assuredly enter our predictive 
schemata for attention. But, once behavior is explained with concepts like 
memory, attention falls by the wayside. For a while it will probably be useful 
to maintain attention as a useful chapter heading for the aggregation of mech- 
anisms that enter the moment-to-moment selection of stimulus subset for re- 
sponse, but I expect that attention may some day die as a useful notion in psy- 
chology. Chapter headings are useful for textbooks but not laws and theory. If 
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there ise ‚ TS " » 
н ха point of view for this chapter it is that our present approaches to laws 
and 'theorvare Бас ; ; 
iei eory are bypassing much of importance that has long been labeled atten- 
re behavior: n 
ehavior and which has been rather absent from the research scene for a 


lang tima. 11 
g time. Undoubtedly there are many who still identify attention with old 


subjective psychology, and who see it outside the pale of modern objective 

S Pseud Such attitudes need recasting. Attention may be an unpalatable 

тамна Ra and that I understand, but the behavioral phenomena which 
subsumes must stand as a challenge to all psychologists. 
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Attention and Vigilance as 


Mechanisms of Response 
Comments on Professor Adams’ Paper 


EARL A. ALLUISI 
University of Louisville 


ly the search for mechanisms. If the meteor- 


The work of science is large 
ig of the weather seeks to define the 


ologist in his search for an understandit 
Mechanisms responsible for storms, he is acting in the prime role ofa scientist. 
IF he concludes that atmospheric pressure change is the mechanism princi- 
pally responsible for high winds, there is scientific understanding of his 
Meaning and scientific approval of his appr th. 

Now, if behavior (and more specifically, animal and human behavior) is 
the fundamental domain of psychology, it is understandable that psychologists 
Who want to advance the scientific study of behavior seek mechanisms. They 
Seek the mechanisms of behavior, or the mechanisms of response, since we 
know behavior only through response. In this psychology is following its 


Parent sciences, most notably physics. 

On the other hand, the inclusion of this topic 
demonstration of great egotism or of great naiveté. What physicist would 
gues to discuss the "mechanisms of matter and 


here might be viewed as a 


dare face a gathering of colle 
energy"? He might agree to address a group of junior high school students on 
ed that the students had not yet studied high 
do dare to include "mechanisms of re- 


Sponse” among our topics! This is, perhaps, a sign of the relative youth of 
admission that we know little, indeed, of these 


uch a topic, if he were assur 
chool physics. Yet we psychologists 


Psychology as a science — an 
mechanisms. 

In classical scientific psychology, We have approached the study of our 
mechanisms of behavior through the isolation of stimulus variables, response 
cf. Woodworth & Schlosberg, 1954, pp. 
1-7). Our stimulus (S) variables have included the modality of stimulation and 
the source of the stimulating matter or energy = ће physics of psychophysics 
—as in the wavelength of light and the frequency of sound; the chemical 
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ariables, or organismic variables ( 
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composition of the liquids we taste and of the gases we smell: the intensity 
and duration of the stimulus, and in certain cases, its area, shape, and spatial 
relations such as distance, size, direction, ete. When we progress from the 
static situation to the dynamic, we add new and complicating dimensions re- 
lated to various kinds of movement, change, and rate of change; these interact 
with our initial dimensions and we begin to look at changes in frequency or 
wavelength, rates of change in intensity or in duration, etc. 

Our response (R) variables have traditionally emphasized the criterion or 
measure of performance employed speed, accuracy, the difficulty level 
achieved, the likelihood of occurrence of a response, or the strength of a re- 
sponse. We have attended all too little to the task imposed on the subject and 
to the relation between the performance of that task and the criterion of 
performance. For e 


ample, Stevens (1957) established a task that is com- 
pletely different from the classical psychophysical tasks of Fechner (see 
Woodworth & Schlosberg, 1954, pp. 192-266; Guilford, 1954), vet much has 
been written about the differences obtained with his methods relative the 
classical methods and of the scientific validity of his “power law" vs. the 
Fechnerian logarithmic law (see Stevens, 1957; Luce, 1959). Perhaps we 


should expect different laws to apply to different behaviors, or, rather, to 


behaviors that are observed in the performance of different tasks! 

The organismic (O) variables of scientific psychology have emphasized the 
reality of individual differences (some of which have been related to the 
organism's age, “ability,” organic state, etc.), to the level of skill or learning 
attained, and to other factors believed to affect performance such as drive, 
incentive, inhibition, fatigue, interest, and various conditions in states of 
which the organism is hypothesized to be. 


We have been troubled, as a science, with the problem of interactions 
among these "S," “О,” and "R" variables. In fact, we have generated whole 
classes of variables or mechanisms that are dependent logically on elements 
of two or more of the three. Thus, we have "motivation" as something that 
should be an organismic variable, but which is clearly affected by the task 
and by both the stimulus and response variables that help define the task. 
"Attention" is another one of these “situational variables," as we shall call 
them here, and thus it is not inappropriate that we consider it a suitable topic 


in discussing mechanisms of response. 


Attention and Research on Vigilance 


As Adams (pp. 169-171) has pointed out, the study of attention has had a 
long history in experimental psychology. Attention, set, and Aufgabe are terms 
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5 were central themes of psychological research (cf. Boring, 1957). 
enew al of interest in this area is generally said to date from the publication 
р aia А monograph on "Researches on the Measurement of Human 
: nance” in 1950. This was the paper in which “vigilance tests" were 
first reported as such. Of course, we can find prior anticipations in the litera- 
ture, notably Ditchburn (1943) and Mackworth (1948) in England, Best, 
Solandt, and Partridge (1950) in Canada, and Lindsley (1944) in the United 


States; ; ; mp on н 
tates; but is seems correct to say that it was not until after the publication of 


the Niele — А š 
Mackworth (1950) monograph that general psychological research interest 
Was re qo ; i 

s aroused in the topic of vigilance or watchkeeping behavior. 


The terms vigilance, watchkeeping, monitoring, and signal detecting 


have ; $ Н 
ve all been used to describe this area of study. The area is now generally 
the attentiveness of the subject and his 


take Н m 
en to be concerned with ". 
ts over relatively long 


Capability for detecting changes in stimulus even 
7” (Frankmann & Adams, 1962, p. 257). 


»eriods of х : 
Periods of sustained observation. .. 
б in a more specific sense. He used 


it Mackworth used the term "vigilance" 
it in a sense that he credits to Н. Head, but with psychological rather than 
ant to describe states of psychological 


Physiological emphasis: vigilance me 
acts (cf. Mackworth, 1950, p. 8). 


readiness to perform adapted and purposiv 
Vigilance was a mechanism of response. 

, The task in which the subject was tested was a watchkeeping task; the 
Situation to which generalization was desired was the watchkeeping functions 
of certain military jobs, especially the job of the radar lookout. Vigilance was 
thg mechanism of response believed to be 
Watehkeeper's performance: his state of readiness to respond correctly to the 
occurrence of a critical signal. Monitoring and signal detecting seem to be 
terms t the subject has to do in a watchkeeping task 


principally responsible for the 


desig aimed at describing what de 
Signed to permit the study of vigilance. 

Our usages of these terms have been le 
shs, and this probably re 
pts involve 
d confounded these concepts may well 
As Frankmann and Adams 


ss consistent than indicated by the 
flects something of a general state 


Shed: 
Preceding paragr 
d. Indeed, the looseness with 


sf Confusion with regard to the conce 
Which we have used these terms an 
17 contributed significantly to the c 
de 94) have pointed out in their revi 
Ue uia a major shortcoming is the i 

akes the definitive testing of implicatio 

Adams, 1962, p. 268). 

We shall try to be consiste 
T Thus, a watchkeeping t 
á or a display in order to de 
leved to be the mechanism princip: 


onfusion. 
ew of our contemporary theories of 

‚ casualness of formulation that 
rather difficult. .. (Frankmann 


nt in our usage throughout the remainder of this 


ask is one in whic 
the subject's vigilance is be- 


h the subject is asked to 


tect signals; 
Шу responsible for his watchkeeping 
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behavior! With these concepts in mind, let us see how research on vigilance 
is related to classical psychological research on attention. 


Tue CLASSICAL STUDY OF ATTENTION 


In the classical study of attention (for a good review see Woodworth & 
Schlosberg, 1954, ch. 4, pp. 72-106), a differentiation is made between free 
and controlled attention. In free attention there is no as 


gned task, whereas 
in controlled attention, as in controlled association, the subject is given a set. 
This should probably be treated as a dimensional affair, rather than as an 
experimental condition admitting of only two levels; it should be regarded as 
a matter of the degree to which instructions, set, Aufgabe, or schemata de- 
termine the orienting, observing, and attentive behavior of the subject. In 
modern terms it can be viewed as the degree to which the goal of the attentive 
process is uncertain. Instructions are meant to reduce the uncertainty; set 
reduces the uncertainty; needs and certain drive states probably reduce the 
uncertainty. The degree to which attention is free or controlled in watch- 
keeping tasks generally has not been overtly specified. To the extent that it 
has not been specified and controlled, our research on vigilance would be 
classified as “sloppy” research by the worker who takes a more cla 
approach to the study of attention. 

Five major areas of research on attention are usually identified: the first is 
(1) the isolation of the determiners of attention. This area includes (1.1) the 
specification of the “conspicuity” of various warning displays and emergency 
controls by the engineering psychologist, (1.2) the evaluation of the attention- 
getting value of various aspects of stimulation such as the use of chromatic vs. 
achromatic visual stimuli by the experimental psychologist, and (1.3) measure- 
ment of the effects (particularly on retention) of stimulus patterns thought to 


cal 


be satisfying to personal needs such as security, success, sex, curiosity, and 
prestige by the advertising specialist and the consumer-behavior psychologist. 
Research on vigilance has not followed this general line of study. 

The second major area of research on attention is that which studies (2) 
the shifting and fluctuation of attention. The basic method is to record 
changes in the subject's responses over a period of time while the stimulus 
field is held constant. The (2.1) “ordinary” shifting of both free and con- 
trolled attention has been studied, principally through measurement of the 
orienting response (eye movements in reading or in the "free" viewing of 
pictures). Special conditions of attentive shifting also have been studied as in 
(2.2) the perceived oscillations of ambiguous figures, (2.3) retinal rivalry, 
(2.4) sensorimotor fluctuations of threshold, adaptation, and fatigue, and (2.5) 
fluctuations of efficiency during continuous work. Research on vigilance 
apparently should be related to this last area of research on attention, i.e., 
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to studies of the fluctuations of efficiency during continuous work, and we 
shall look more closely at this area after we have completed our catalog of the 
five classical approaches to the study of attention. 

at of (3) distraction. While a subject is engaged 
responses to certain stimuli, irrelevant 
ting effects measured through changes 


А The third major area is th 
m a certain task, making appropriate 
stimuli are introduced and their distrac 
in the speed or accuracy of the subjects task-related responses. The dis- 
tracting stimuli usually are selected from a different modality than that of the 
task-related stimuli so as to avoid problems of sensory interference or mask- 
» irrelevant stimuli may or may 


ing. In general, we have concluded that the 
ntal effect on performance dependent upon 


nc GER a У 
X have а measured detrime 
d, and various specif- 


Many other variables such as motivation, effort ехрепае 
ics of the task and of the distracting stimuli. In addition, work on intersensory 
facilitation appears to suggest that at least under some conditions, dis- 
assist performance; the extent to which this 
or to which it might affect 
is not clear. It 


tracting” stimuli may actually 
might be mediated through the attentive proce 
sponse-mediating behavior, 
Nevertheless, we should note that 


ated at all, to the mainstream 


attention as a mechanism of re 
complicates our concept of distraction. 
research on vigilance is but little related, if rel 
9f research on distraction. 

| The fourth major area of classical rese: 
divided attention or the time sharing of attentive process 
'Ow man should be characterized in his information-handling activit 
Whether he should be viewed as a single-channel or multiple-channel infor- 
mation-handling system —is a modern restatement of the fundamental ques- 
Чоп attacked in research on divided attention. It is also related to the question 
ok channel capacity, especially in terms of the rate of information trans- 
mission, Research on vigilance is not directly related to this question, though 
it may be indirectly related as Adams (pp- 190-196) points out in the last 
Section of his pnis 
" The final major area is that of (5) the 
requently called, the span of apprehension. 
was one of the earliest areas of psychologi 
important to know whether more than one obj 
given time. The area has lost some of its importance for psychology in modern 


times, and we would now characterize it as dealing with the amount of in- 
form rosity. To some extent this is also 


, but here in terms of the amount 


arch on attention is that of (4) 
s. The question of 


E] 


span of attention, or as it is more 
For philosophical reasons this 
sal experimentation; it seemed 
ect could be apprehended at a 


ation in absolute judgments of nume 


rel; itv 
1 1 to the question of channel capacity 
f information rather than the rate of information transmission as was the case 
wi 18 м : 

н th distraction. Research in this area see 
Vigilance, 


ms quite unrelated to research on 
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Thus, it appears that, of the areas of classical study, only one subarea of 
research on attention has direct relevance to research on vigilance. That is 
the area of shifting attention as studied through measurements of fluctuations 
of efficiency during continuous work. Let us now look at the watchkeeping 
task that is used in the study of vigilance so that we may understand it well 
enough to make informed judgments as to the operational relation of the two 
mechanisms of response, vigilance and attention. We need to clarify the ex- 
tent to which the two concepts are identical and the extent to which they 


differ. 


THe WATCHKEEPING Task 


Let us picture the general task of watchkeeping much as an historical 
novelist might. Think of the days of sailing vessels. and think of the lookout's 
job as demonstrating the elements of the watchkeeping task. The man in the 
crow’s nest had the job of sensing anything atypical. He did not know when 
it would appear, he did not know where it would appear, and he did not know 
what would appear (or whether he would sense it by ear or eye, or even 
whether he would be able to detect it, much less identify it, if, when, and 
where it did appear). 

That is to say, one might characterize the stimulus aspects of the watch- 


keeping task as involving temporal uncertainty, spatial uncertainty, and 


what (for the lack of a better name) we shall call stimulus uncertainty. The 
task of the watchkeeper is to monitor the display (be it the world about him, 
as in the case of the lookout in the crow’s nest of the sailing vessel, ora specific 
electronic display, as in the case of the operator of a radar detection system) 
for some period of time or length of watch, and to report the occurrence of 
certain signals. The report may be asked for in simple signal-detection terms, 
or various degrees of identification may be required prior to an overt re- 
sponse; in either case, the signal must be detected, so we can say that all 
watchkeeping tasks require signal detections. The criteria of performance 
that may be used are the proportion of correct detections or its complement, 
the proportion of missed signals, reaction time to correct detections, and the 
number of false responses. 

That the kind and degree of uncertainty of the stimulus — the critical signal 
per, 


to which a response is desired affect the performance of the watchke 
perhaps even define the difficulty of the watchkeeping task, seems logical. 
This has been recognized since the earliest of watchkeeping studies, and yet 
our manipulation of these aspects of the task has been something less than 
systematic. 

For example, in his 1950 monograph, Mackworth reported that the deteri- 


oration in correct si ; В 207 
fidis tesi macer тры detections which typically occurred in a synthetic 
mui ЕТЕШ E 8 elisen for an hour by increasing the brightness of the 
This 1 атол е to their background (Mackworth, 1950, pp. 53-63). 
ры. sie Mit NV is a decreasing function of 
mier ll in y; Rel as the signal-to-noise ratio of the critical signal in a 

keeping task is increased, performance efficiency can also be expected 
stent with the findings of Adams 
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to increase. This generalization is cons 
(1956), Bartlett, Beinert, and Graham (1955), and Jenkins (1953). 

The effects of temporal uncertainty have been much more widely investi- 
Lindsley (1944) 


gate " e 
ed, though apparently with little more systematization. 
als-per-hour rate 


eo i ard rate that was 10 times faster than the 24-sign 
subsequently by Mackworth (1950); Lindsley found no decrements in 
until the third day of work, whereas Mackworth 
Also, both Ditehburn 
d signals 


Pears performance 
e them in the second half-hour of the first watch. 

943) and Mackworth (1950) reported that the proportions of misse 
ere changed, and later studies made it 


change ә е А 
winged when intersignal intervals w 
nal frequency or in signal regularity 


da that increases either in sig 
— ee efficiency in the watchkeeping task (e.g., Baker, 1959a, b,c; 
Jenkins, и 18 5; Broadbent, 1958; Deese, 1955; Deese & Ormond, 1953; 
Чыйт 2 І 958). Smith (1961) has proposed a psychophysical approach and, 
three | mes levels of signal frequency (6, 24, and 96 signals per hour) and 
intersi ече of variability (.01, .10, and 1.00 as coefficients of variability of 

signal intervals), he reports a coefficient of correlation of +.959 between 
rived informational measure of 
asure that combines both fre- 


ts time to correct detections and a de 
rile uncertainty of the signal—a me 
that itor variability of intersignal intervals. It appears safe to conclude 
certaint S eeping performance isa decreasing function of the temporal un- 
nr of the signal; i.e., performance efficiency decreases as the signals 
time ле less regularly spaced in time and as they become farther spaced in 

It was again at least as early as the 1950 Mackworth monograph that spatial 
uncertainty was found to affect performance in the watchkeeping task. With 
the synthetic radar task, Mackworth (1950, especially рр. 58-59) found a 
Progre sive fall in the incidence of missed signals with rising spatial expect- 
a with decreased spatial uncertainty. Nicely and Miller (1957) 
а. two thirds of the signals ina simulated radar task to appear in one 

adrant with the remaining one third distributed equally over the other 


th 
а quadrants; a relatively high rate of 108 signals per hour was used. They 
0 ? = : К 
und that proportionally more signals were detected in the high-density 
found also that decrements 


quadr: 
E idrant than in the low-density quadrants; they 
performance appeared after the first 15 minutes of the watch for the low- 
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density areas, but that no decrements occurred for the high-density quadrants. 
The results of Adams and Boulter (1964) also lead to the conclusion that 
watchkeeping performance is a decreasing function of the spatial uncertainty 
of the signal, and this conclusion is further suggested by the prior results of 
Bartlett et al. (1955) and of Deese and Ormond (1953). 

As an aside we would like to comment that with all this evidence to in- 
dicate the importance of spatial, temporal, and stimulus uncertainty to watch- 
keeping performance, it is quite surprising to find so few studies in which 
functional relations have been sought. In fact, the only study that has attempt- 


ed to measure the functional relation between performance and one of these 
three aspects of the watchkeeping task is that of Smith (1961), in which re- 
action time was related to the temporal uncertainty of the critical signal. 

Th 
may vary in temporal uncertainty, spatial uncertainty, or stimulus uncertainty: 


we may say that the signal to be detected in a watchkeeping task 


Further, we may conclude that watchkeeping performance will vary as a de- 
creasing function of increases in any of these three sources of uncertainty. 
Since vigilance is conceived as the mechanism principally responsible for 
the watchkeeper’s performance, it follows that vigilance, too, will vary as a 
function of spatial, temporal, and stimulus uncertainty. 


VIGILANCE A ND ATTENTION 


Although Mackworth (1950, pp. 7-11), in the introduction of his mono- 
graph on watchkeeping, associated vigilance with attention (remember, 
vigilance for Mackworth refers to the watchkeeper’s psychological readiness 
to respond), it is Broadbent (1953, 1958) who really champions the association. 
Because the association seems logical, other researchers have accepted it, 
apparently without comparing the operations that define the two mechanisms 
of response. 

In the typical study of vigilance, the critical signal to be detected may 
spatial and stimulus 


have temporal, spatial, and stimulus uncertainty; usually 
uncertainty are low (the subject knows where to look and what to look for), 
whereas temporal uncertainty is high (he does not know when the signal will 
appear, and the signal appears only infrequently at irregular intervals). In 
the typical study of shifting attention where fluctuations of efficiency during 
continuous "vork are measured, these variables have not been involved (cf. 
Woodworth & Schlosberg, 1954, pp. 81-84). 

In terms of the operations employed in the two situations, then, we find no 
reason to conclude that the two mechanisms of response “vigilance” and 
“attention” should be equated. If we mean to broaden the concept of atten- 
tion by having it now include vigilance as a subconcept, we may do so; but 
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— m this, might it not be well for us to ask what might be gained 
—— ] Se тосе vigilance as the mechanism of response principally 
ios » А or watchkeeping performance, what do we gain by saying further 
i s somehow related generally to attention, though not directly related 

es that have been identified as mechanisms of 
e and attention, at least as mech- 


0 any of я 
"um of the attentive proc 
other res 3 р РА -— 
r responses? The association of vigilanc 

that deserves further thought and discussion. 


anisms of r В и 
Isms of response, is a topic 


Vigilance and Arousal Theory 
that arousal theory or the “activation 
an explanation of watchkeeping per- 


formance, and he makes it clear (cf. p. 172) that he believes the association to 
‚ апа we would like to 


be ; e 
an unhappy one. We agree with him in tl 


resent addit i : e 
Present additional evidence in support of this 
performance typically demon- 


"ases (e. g., see Mackworth, 


| Adams (pp. 171-175) points out 
Npothesis" has been advanced as 


nis opinion 
position. 


"es. temporal course of watchkeeping 
1950). The “acti ncy as бте on duty inert | 
tión e ҮР activation hypothesis has been advanced às a possible explana- 

of this decline (cf. Broadbent, 1958; Frankmann & Adams, 1962). This 
application of arousal theory (Hebb, 1955; Scott, 1957) is based on the idea 
that a temporally correlated loss in performance efficiency will occur in the 
environment, and that the typical watchreep- 


h an environment. 


a decline in efficie 


"Se of a uniform sensory 

к^ places the subject in suc 

The converse should hold, of course. That is to say, the presence of extra- 

neous stimuli (up to some optimum level, at least) should serve to maintain 
extent that these extraneous 


or restor. x я 
s store efficient watehkeeping behavior to the 
muli provide a va nvironment. However, in direct test of 


еш. test in which watchkeeping performance onan auditory vigilance task 
Winer over the period of a d-haar watch spent ina varied sensory 
cen that required high multiple-task activity of the subject— the 
à al watchkeeping decrements still occurred (Alluisi & Hall, 1963). A 
* study indicated further that performance efficiency in watchkeeping 
Varied inversely with variations in input (Hawkes, Meighan, & 


Alluisi, 1964), 

ie Haider, Spong, and Linc 
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Е limits of 
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as detection efficiency decreased with time, the amplitude of evoked re- 
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sponses to nonsignal stimuli also decreased and latency increased. The 
evoked potentials to the signal stimuli differed according to whether the 
signal was detected or missed, but neither of these potentials (nor their 
difference) changed systematically over the period of the watch. In short, the 
data indicated changes attributable to nonsignal stimuli, but no change 
attributable to signal stimuli. 

In many cases, performance has been found to be significantly affected by 
various conditions, while the physiological indicants of arousal fail to show 
any change (cf. Malmo, 1963, pp. 2-6). Other studies have found changes in 
the physiological indicants, without changes in performance (e.g., Alluisi, 
Chiles, & Hall, 1964a; Alluisi, Chiles, Hall, & Hawkes, 1963). These findings 
will clearly limit generalizations concerning the relations between physio- 
logical activation and performance, as Elliott (1965) has recently pointed out. 

This is more than the difficulty of the insensitivity of physiological meas- 
ures as indices of performance efficiency and performance reserves (cf. Alluisi, 
Chiles, & Smith, 1964b; Alluisi, 1964), and the arousal theorists seem to be 
leading the way in revising the activation concept (cf. Malmo, 1958, 1959, 
1962, 1963). It is beginning to appear as though arousal theory may have 
relevance to autonomic-linked behavior (such as variations in motivation, in 
level of induced tension, and in degree of wakefulness), but not to cortical 
mechanisms; Malmo says as much (1963, p. 5). 


Mechanics of Mechanisms of Response 


Still, a more fundamental question may be raised; namely, to what extent 
should we try to "explain" how a mechanism of response works? What level 
of explanation is needed for the concept of the mechanism to advance our 
scientific knowledge? Is it sufficient to say that vigilance is the mechanism 
principally responsible for watchkeeping behavior, and then to attempt to 
write the functional relations between behavior and the task and situational 
variables —the mechanics or relations that operationally define the mech- 
anism, vigilance —or must we have more? Is our scientific knowledge ad- 
vanced by the postulation of mechanisms that are supposedly responsible for 
the manner of operation of the vigilance mechanism, which, in turn, is postu- 
lated as responsible for the watchkeeping behavior that we observe at first 
hand? If so, how far do we go, and when do we stop? 

We have proposed that watchkeeping performance varies as a function of 
the subject's vigilance. We have also proposed that the subject's vigilance 
will vary as a function (1) of reinforcement and extinction (Mackworth, 1950), 
(2) of subjective expectancies (Baker, 1959a; Deese, 1955), (3) of the channel 
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capacity of man and his filtering characteristics (Broadbent, 1958), (4) of 
operant extinction (Holland, 1958), and (5) of the subject’s level of physio- 
logical arousal (Deese, 1955; Frankmann & Adams, 1962; McGrath, 1963). It 
would appear that our second-order mechanisms are premature, and will 
remain so until we have defined the first-order vigilance mechanism. 

And how are we to define our first-order mechanism except by making 
clear its mechanics —by drawing the functional relations? How, other than 
by showing that vigilance as measured by such-and-so criterion is a this-kind- 
9f function of that-sort-of variation in the watchkeeping task? Nor is what we 
are proposing to be classed simply as either an antitheoretical or an atheoreti- 
cal position; rather, it is a call for scientifically meaningful, quantitative, 
functional theories not merely of vigilance as the mechanism of watchkeeping 
behavior, but also ofall other psychological mechanisms of behavior. We hold 
that anything less is not science; it may be art, it may be humanistic, it may be 


Philosophy, it may even be theology, but it is not science. 
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recent positively accelerated increase in human-learning research in gen- 
eral, and particularly in those paired-associate verbal-learning studies 
Which have taditienully represented the major domain of transfer research 
(Вани, 1965). As for motor-skills research, which the bibliographies com- 
biled in Perceptual and Motor Skills indicate to have remained remarkably 
Consistent in its over-all frequency over the past decade, an even more sub- 
stantia] decline is shown in Fig. 1 for the proportion of the titles in these 
ibliographies indicative of a direct concern with the study of transfer. 

| This recent descent of transfer has even aa the . 8 3 
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Nerian — — emphasis upon “reversibility” (Sidman, 
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Fic. I. Number of articles on transfer (titles indicating primary concern with trans- 
fer effects on learning listed by Psychological Abstracts) and proportion of motor-skills 
articles directly concerned with transfer (listed in Motor Skills Bibliographies in Per- 
ceptual and Motor Skills) from 1953 to 1963. 


effects from this previous learning are sufficiently unimportant that they can 
be completely obliterated prior to the subsequent. introduction of a new 
learning task. This "reversibility" assumption, although not put to empirical 
test Бу most of those who rely upon it, also represents an essential prere- 
sively introducing 


quisite to the closely correlated research strategy of succe 
a long series of different experimental conditions within a single subject, 
rather than using different subjects or groups for each experimental task or 
condition. To the extent that the effects of previous learning are irreversible, 
i. C., that transfer effects still exist, successively administered variable con- 
ditions within a single subject must necessarily become totally confounded 
therewith. 

In point of empirical fact, the status and generality of transfer as a be- 
havioral phenomenon have never before rested on so strong and general an 
empirical foundation, and even those researchers who choose to ignore it 
would not quarrel with the statement that previous learning history repre- 
sents one of the major determinants of performance upon a new learning task. 
As evidenced by the increasingly prevalent usage of concepts like “learn- 
ing to learn" or “learning sets,” the existence of transfer effects is gen- 
erally recognized even with respect to learning tasks which are highly dis- 
similar to one another. 

Then why the apparent decline in psychological research explicitly con- 
cerned with transfer? Is this a valid indicant of a loss of interest in the study 
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a e oe Quite to the contrary; the present discussion will 
Шабай ‹ emonstrate that the experimental methodology formerly asso- 
xclusively with transfer research has now become so widely used 
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neither surprising nor new. In particular, studies concerned with the re- 
tention phenomena of proactive and retroactive inhibition have necessi- 
tated that at least one additional learning task be introduced respectively 
before and after the task to be tested for retention. As a consequence, it is 
only recently that a distinction has been maintained with any consistency 
between these concepts as effects on retention of a previously-learned task, 
as distinguished from transfer effects on the original acquisition or learning 
of a subsequent task. Some secondary sources (e.g., Deese, 1958; Kimble & 
Garmezy, 1963; Morgan, 1961) still fail to make an explicit distinction be- 
tween so-called proactive effects on retention and transfer effects on learning, 
ry inclusion of the experimental paradigm for 


a consequence of the neces 
the latter within that for the former. In the typical proactive-inhibition ex- 
periments, however, little attention is directed toward the description and 
analysis of second-task learning. Moreover, such experimental comparisons 
as have been made clearly demonstrate that previous learning may affect 
learning of a second task quite differently from second-task retention (e.g. 
Greenberg & Underwood, 1950). Consequently, the maintenance of a sharp 
conceptual and experimental distinction between them is rendered 
imperative. 

But although the recent resurgence in proactive- and retroactive- 
inhibition research occasioned by recently revised formulations of inter- 
ference theories of forgetting (Postman, 1961; Underwood & Postman, 1960; 
Underwood, 1957) has been a major contributor toward the assimilation of 
transfer with other types of learning research, it has been by no means the 
only or even the primary source of this integrative development. Experi- 
menters have increasingly come to recognize the economy, as well as the 
s, of requiring the subject to perform, immediately after 


analytic usefulne 
the conclusion of the basic acquisition portion of the single-task learning ex- 
periment, on one or more related tasks designed to elucidate some specific 
aspect of the previous learning task or processes involved. Demonstrated to 
be particularly valuable for such purposes have been "transfer" tasks in- 
volving free stimulus or response recall (e.g., Underwood, Runquist, & 
Schulz, 1959), backward (R-S) learning (e.g., Feldman & Underwood, 1957), 
or grouping of the items constituting the task (e.g., Fallon & Battig, 1964). 

An even more central role has been accorded to intertask facilitation and 


interference in many of the currently most active verbal-learning research 
areas, in which the ingenious adaptation of transfer-type designs has con- 
stituted a major reason for the current high level of interest. As a prime ex- 
ample, the heated controversy concerning the mechanisms of serial learning 
owes its very existence to Young's (1959, 1961) original demonstrations of a 
surprising lack of facilitation from serial to subsequent paired-associate 
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ues pn of adjacent items from the serial list, and its maintenance 
Шут ti subsequent investigations employing further transfer designs 
& Schild n jr partially-overlapping serial tasks (e.g., Battig, Brown, 
Serial мый E fi Ebenholtz, 1963b; Keppel & Saufley, 1964; Young, 1962), 
Роны! s > ith variable starting points (Ebenholtz, 1963b; Winnick & 
а sh, 1963), or spatial-position tasks (Ebenholtz, 1963a). 

of ene research directed toward the isolation and experimental analysis 
relied di processes involved in paired- 
ЧЫН ate, transfer designs involving such as 
(Noble оер (Underwood et al., 1959), various famili zation | 
(Ваши. deme Underwood & Schulz, 1960), or verbal-discrimination learning 
adis " illiams, & Williams, 1962). The evaluation of transfer plays an 
Ward n role in other currently “hot research areas, such as back- 
Kjelde -S) associations (Asch & Ebenholtz, 1962), mediation (Horton & 
1960, tand, 1961; Jenkins, 1963), or verbal satiation (Lambert & Jakobovits, 
task M elen & Schulz, 1963). Even those areas not directly involving inter- 
codin e ee such as short-term memory (Peterson, 1963), clustering or 
бан, (Bousfield, 1953; Cohen, 1963), 

ngfulness (Underwood & Schulz, 1960), and one-trial learning (Post- 
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a subsequent transfer 
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also as response terms on the recall sheet (Ваши & Koppenaal, 1965). In this 
instance, apparent R-S associations could readily be produced by regarding 


each presented “response” instead as a “stimulus.” by recalling its correct 
S-R associate, and by writing the first item thereof in the space to the left of 
alled response. Equally or perhaps more likely is the possibility that 
ry but irrelevant procedural changes 
from one learning task to another, may be of sufficient magnitude to obscure 


its r 
negative effects, resulting from neces 


any facilitation produced by the first-task completion of component learning 


processes common to both tasks. The puzzling absence of any facilitation 


whatever from previous familiarization or verbal-discrimination learning of 
items or pairs subsequently included in a paired-associate task (e.g., Battig 
et al., 1962; Goss, Nodine, Gregory, Taub, & Kennedy, 1962) may well be 
due to the latter source of contamination inherent in the use of transfer de- 
signs for purposes of intratask component analysis. 


Analysis of Component Processes in Intertask Transfer 


In part as a direct consequence of the widespread use of transfer tech- 
niques to explicate component processes involved in various types of verbal- 
learning tasks, there are several recent and highly encouraging signs that 


as may be applied with equal profit to 


the results of such component analys 
the resolution of fundamental problems and contradictions within the area 
of transfer itself, This significant current trend is most evident with respect 
to the effects on transfer produced by intertask variations in stimulus and/or 
response similarity, a problem which probably has received more research 
and theoretical attention than any other in the area of transfer. What is more, 
the long-standing resistance of this problem to satisfactory empirical resolu- 
tion has constituted one of the major deterrents to progress in transfer re- 
search. Consequently, the recent history of research on the role of intertask 
similarity offers a convincing illustration of the gains to be achieved in the 
understanding of transfer phenomena through the application thereto of the 
type of analysis of component processes to which transfer methodology has 
made such significant contributions with respect to single-task acquisition. 

Ear 
tion of intertask similarity had led to a number of suggested theoretical and 
empirical relationships, of which the best known was the Skaggs—Robinson 
hypothesis (Robinson, 1927) indicating the relationship to be nonmonotonic, 
such that first-task retention (and presumably also second-task transfer per- 


' research on transfer (and retroactive effects on retention) as a func- 


formance) was maximal with high intertask similarity, decreasing to a mini- 


mum at moderate similarity levels, and increasing again as complete inter- 
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— rig i was approached. Subsequent research accomplished little 
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Clearly the resolution of this “similarity paradox” awaits the develop- 
ment of several necessary methodological prerequisites, and the concentra- 
tion on these problems of scaling and variable specification appears more 
profitable at present than continued efforts directed toward precise quan- 
titative specification of intertask similarity effects on transfer without ade- 
quate tools for the job. Little beyond added confusion is contributed to the 
issue by such as Houston’s (1964) reincarnation of the Osgood (1949) trans- 
fer surface to encompass conditions where first-task stimuli become second- 
task responses and vice versa. Not only is Houston’s surface based on even 
less empirical evidence than was available to Osgood, but it is contradicted 
by such evidence as is available (e.g., Murdock, 1958). 

For these and other reasons, the majority of recent experiments on inter- 


task similarity effects in transfer and retention have been limited to the 
various combinations of identity and neutrality with respect to constituent 
stimulus and/or response terms across first and second lists. If the first list 
is designated as consisting of A-B pairs, the second lis s for the resulting 
transfer paradigms are commonly labeled as follows: (1) A-C paradigm, first- 
list stimuli paired with new responses; (2) C-B paradigm, first-list responses 
paired with new stimuli; (3) A-Br paradigm, first-list stimuli and respons 
re-paired differently from the first list; and (4) C-D paradigm, new stimuli 
paired with new responses. The latter C-D paradigm, which represents con- 


ditions of minimal similarity of both stimulus and response terms, thus pro- 
vides the appropriate control baseline for the evaluation of specific transfer 
effects attributable to the specific similarity relationships within the other 
paradigms, free of contamination by nonspecific sources of transfer (e. g., 
learning how to learn). 

Principally on the basis of Bruce’s (1933) classic study, it had long been 
widely accepted that over-all negative transfer results from old stimuli paired 
with new responses (A-C paradigm), whereas new stimuli paired with old re- 
sponses (C-B paradigm) produce positive transfer. The explicit postulation 
of maximum negative transfer under the A-Br paradigm did not come until the 
Gagné et al. (1950) analysis uniquely concerned with similarity effects on 
riminative motor tasks. However, corroboration of the find- 


transfer in diser 
ing of greater A-Br than A-C interference in those verbal paired-associate 
tasks typifying the bulk of research in this area was not long in coming 
(Porter & Duncan, 1953) or in being further substantiated with more ade- 
quate controls (e.g., Besch & Reynolds, 1958; Twedt & Underwood, 1959). 

Sharply contrasting with the results summarized above have been 
Mandler's findings of A-Br facilitation of a magnitude even greater than that 
found for the C-B paradigm with a verbal task (Mandler & Heinemann, 1956), 
and of maximal (although not entirely consistent) interference effects under 
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ee meee with a verbal as well as with a motor task (Mandler, 1954). 
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ing, Merikle employed an adjusted-learning recall procedure whereby each 
pair was removed from the list as soon as it had elicited two consecutive cor- 
rect recalls, with a final trial on the entire list after all pairs had reached this 
criterion. Although this procedure of dropping out individual pairs upon 
attainment of a specified performance criterion had characterized much of the 
earlier research (e.g., Osgood, 1946; Bugelski & Cadwallader, 1956), it has 
subsequently fallen into dis 


ise if not disrepute in experiments concerned 
with transfer under the various paradigms, as well as in other areas of trans- 
fer and retention research. However, a subsequent direct comparison be- 
tween adjusted-learning and standard paired-associate recall procedures 
across the four transfer paradigms has demonstrated the transfer effects to 
be closely comparable under the two procedures (Merikle, Manatis, & 
Battig, 1965).? 

As shown in Table I, both direction and magnitude of transfer under the 
various paradigms differed markedly and differentially under Merikle's vari- 
ous M conditions, relative to the appropriate C-D (control) paradigm. In- 
creasing response M served to eliminate over-all facilitation under the A-Br 
and C-B paradigms, and produced significant interference under the A-Br 
and A-C paradigms. Increased stimulus M, on the other hand, led toa greater 
magnitude of both facilitation and interference, depending on whether re- 
sponse M was L or H. 


Not only are differential types of transfer effects pro- 
duced by variations in stimulus and response M, but these appear to interact 
substantially with one another in determining over-all direction and amount 
of transfer. 

?]t is most unfortunate, in the author's opinion, that the standard paired-associate 
anticipation procedure, wherein the entire list of pairs is presented on every trial, has 
so completely dominated. investigations of paired-associate learning and transfer in 
most laboratories. This has been true even of investigations directly concerned with 
the manipulation of degree of original learning, despite the fact that such complete-list 
or noncorrection procedures inevitably lead to substantial differences between in- 
dividual pairs in degree of original learning, besides preventing cither effective evalu- 
ation or control of this variable. Since Merikle’s (1964) results still indicated better 
learning of those pairs which were first learned and removed from the list, we are 
currently attempting to specify: and equate degree of learning of individual items 


through a “correction” procedure, whereby the number of presentations and correct 
ors: 


responses required for each item are both increased as a function of number of er 
made upon that item. Such procedures, of course, must otherwise follow the basic 
recall procedure (Battig & Brackett, 1961), since the necessary presentation under the 
anticipation procedure of each S-R pair immediately following its attempted anticipa- 
tion offers the opportunity for additional learning which cannot be reflected in the sub- 
ject’s performance until the next id, and thus renders impossible the direct meas- 
urement and control of level of learning even for the entire list, much less for the in- 


dividual pair. 
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х TABLE I 
Mean $ксохр-1лвт Torat Errors AND PERCENT TRANSFER Fon EACH Grovup® 


Transfer 
Paradigm H-H L-H H-L L-L Total 
A-Br Errors 11.00 20.75 23.88 31.50 21.78 
ФТ —120.0 34.1 33.2 
AG Errors 13.13 32.88 46.50 28.19 
% T —162.6 9.3 l4 
CB Errors 5.00 16.63 14.00 34.13 17.44 
% T 0.0 7.6 61.4 27.6 
Ср Errors 5.00 18.00 36.25 47.13 26.60 


"Merikle (1964). 
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previously established mechanisms of (a) facilitation of second-list response 
learning under A-Br and C-B paradigms, especially with L responses; (b) 
interference due to changed forward associations under A-Br and 2 


C para- 


digms; and (c) a lesser interference due to changed backward associations 


under A-Br and C-B paradigms. However, the elimination of over-all inter- 
ference with L responses under the A-C paradigm is indicative also of a 
stimulus-learning process, which is enhanced by the increasing number of 
first-list presentations required to reach criterion with L as compared with 
H responses. And since consistently more negative (or less positive) effects 
were produced when stimuli and responses were alike in M (L-L and H-H) 
than when they differed (L-H and H-L), a lack of differentiation between 
stimulus and response terms is also implicated as a possible interference- 
producing factor in this experiment. 

Summing up, a complete interpretation of Merikle’s results indicates the 
operation of learning processes involving (1) forward (S-R) associations; 
(2) backward (R-S) associations; (3) response learning; (4) stimulus learn- 
ing; (5) stimulus selection; (6) differentiation of stimuli from responses; and 
(7) interlist mediated associations. But what is more impressive than the sheer 
number of these processes is their consistency with processes indicated to be 
involved in paired- 


ssociate learning by previous research, much of which 
has made use of transfer-type designs. In view of the extensive contributions 
made by transfer procedures toward the understanding of intratask learning, 
it seems entirely appropriate that the latter should now be applied to the 
analysis of intertask transfer, even though the present example serves merely 
to illustrate an extremely promising experimental approach to the many un- 
resolved questions concerning the role of these various learning processes 
in transfer situations. 


Intratask Facilitation and Interference 


There is yet another important way in which single-task learning research 
has been influenced by transfer, through the use of transfer-type concepts to 
account for intratask similarity effects in multiple-response learning tasks- 
This type of approach dates back at least to Gibson’s (1940) generalization- 
differentiation theory, recently analyzed and criticized by Underwood (1961), 
which has been extensively applied to learning tasks involving high levels 
of similarity between intratask stimuli, responses, or both. It has been widely 
assumed that any intratask transfer effects can be eliminated if the various 
intratask components are made maximally dissimilar to one another, as has 
been typical of intertask transfer research. 
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In fact, Johnson's (1964) experiment was initially dictated by his own pre- 
vious (1962) contribution to the inconsistencies in stimulus-predifferentiation 
research, wherein he had attempted to include in a single experimental de- 
sign not only typical stimulus-predifferentiation conditions, but also the 
opposite stimulus-equicalence paradigm (Miller & Dollard, 1941), under 
which the pairing of identical or similar responses with initially distinct 


stimuli is alleged to decrease the distinctiveness or differentiation between 


them. Instead of finding greater facilitation on a subsequent multiple choice 
recognition task following the pairing of similar stimuli (nonsense shapes) 
with distinct unrelated verbal labels, however, Johnson's (1962) results had 
shown recognition accuracy to be significantly better for dissimilar shapes 
previously paired with similar categorically related response labels, even 
though the recognition task was identical under the two conditions. That is to 


say, so-called stimulus predifferentiation training had actually produced 


less predifferentiation than had stimulus equivalence pretraining. 

Johnson's subsequent (1964) study thus derived from a vaguely defined 
notion that these previous results might somehow have been attributable 
to the maximal congruence or "compatibility" of stimulus, response, and 
frequency components of the pretraining task, since all shapes constituting 
each of the three "classes" of similar shapes had always been presented the 
same number of times during the pretraining task, as also had all of the re- 
sponse labels within each categorically related class. Consequently, as illus- 


TABLE H 
PnETRAINING. Conprrions Uskp hy Jounson (1964)" 


Label C-SLF C-SL C-SF C-LF C D-LF 12-1 
Marine А-4 А-4 Ard А-4 А-4 А-4 А-4 
Army A 4 А-8 B-8 B,— 4 B— 8 B-d Bi- 8 
Navy 4 Аз—16 - 16 Gra - 16 G- 4 C,-16 
Feminine B,- 8 А;— 4 A— 8 A 8 D- 8 D,- 4 
Masculine B,— 8 В- 8 B. 8 B-16 E-8 Е—8 
Neuter B,— 8 CG-16  G-8 G-4 F- 8 F,—16 
Ampere C€,—16 A4— 4 A,-16 A,-16 G -16 Gi 4 
Volt (2 16 B.— 8 B,-16 В;= 4 H,—16 H,— 8 
Ohm C,-16 GQ-16  G-16  G-8 1—16 1-16 


“Similar (class) shapes are designated by the same letter with different subscripts. 
whereas different letters represent dissimilar shapes. The numbers (4, 8, 16) designate 
frequency of pretraining presentation for each shape-label pair. 
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Consequently, Johnson’s pretraining conditions can be roughly ordered 
as in Table III from lesser to greater amounts of intratask interference, as 
defined either by the actual pretraining performance measures presented in 
the table, or in terms of the differential contributions of the stimulus, con- 
gruence, and response components as outlined above. The important find- 
ing for present purposes, however, is the consistent inverse relationship 
between pretraining performance and accuracy of subsequent recognition of 
the pretraining stimuli, as given in the last column of Table III. It is clear 
that the poorer the pretraining performance, the greater the facilitation of 
recognition accuracy. Or, as stated earlier, intertask facilitation was pro- 
duced by (or at least closely associated with) increasing intratask interference. 

To the extent that recognition performance is a satisfactory measure of 
amount of stimulus learning, Johnson's results clearly demonstrate this to be 
systematically increased under conditions of greater intratask interference. 
However, he was able to account for his results more precisely and elab- 
orately on the basis of the somewhat different types of additional stimulus 
learning produced by stimulus, response, and associative sources of intra- 
task interference. Both stimulus interference (produced by increasing 


stimulus similarity) and associative interference (produced by incongruent 
shape-label pairings such that similar shapes are paired with dissimilar 
labels and vice versa) can be assumed to produce learning primarily of unique 
or differentiating cues for each stimulus, that is, cues which characterize 
that stimulus alone and not any of the other stimuli. While the nature of this 
emphasis on unique cues is similar for stimulus and associative interferences 
the present evidence indicates it to be more pronounced for the latter source. 
As for response interference (resulting from the increase from three to nine 
response labels), this can be assumed to produce learning of those stimulus 
cues which are most readily associated with the response label, irrespective 
of whether these cues are common to two or more 


stimuli, or unique to an in- 
dividual stimulus. Evidence supporting the latter contention is provided by 
Johnson’s further finding of significantly superior recognition accuracy for 
nine- (41.8 percent) over three-label conditions (33.4 percent) only if the sub- 
ject was informed as to how many of the shapes in each multiple choice recog- 
nition set had actually appeared in the pretraining task, whereas virtually 
identical accuracy was found for nine (32.2 percent) and three labels (32.3 
percent) when the subjects were free to select as many or as few shapes as 
they wished. Thus without added information as to how many shapes are to 
be chosen, the additional learning of common nondifferential as well as 
unique cues, as is produced by increasing response interference, appears 
to obscure any tendency toward increased recognition accuracy, the latter 
becoming evident only when the influence of these common cues is reduced 
by telling the subject how many correct shapes are present. 
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mal pretraining intratask interference, in support of the proposed explana- 
tion. However, this experiment also reveals no facilitation whatever under 
the pretraining conditions most closely corresponding to those which had 
produced it maximally in previous research: Thus while available evidence 
offers encouraging indications that pretraining intratask interference may be 


a significant source of subsequent paired-associate facilitation, a satisfactory 
evaluation and understanding of the effects on paired-associate transfer pro- 


duced by variations in pretraining intratask interference is still many ex- 


periments away. 
n intra- and 
intertask transfer effects seems contradictory, it is principally because of the 


To the extent that the suggested inverse relation betw 


predominant emphasis upon the production of maximal efficiency of original 
learning, and the widespread assumption, not without empirical support 
(e.g., Underwood, 1964), that degree of original learning is the primary if 


not the sole determinant of retention and presumably also of transfer. How- 
ever, it appears to be not at all inconsistent with the currently prevalent inter- 
ference explanation for both retention and transfer (er, Postman, 1961) 
that these should be facilitated if original learning has taken place under 
conditions involving the same kinds of interference that are normally re- 
sponsible for the subsequent loss of effects of this original learning. From 


this statement it appears obvious that facilitation of subsequent performance 
should be increased if original learning has taken place under conditions of 
high intratask interference, provided that this interference is similar to that 
which is responsible for forgetting. Maximally efficient learning conditions, 
whatever facili 


ion they may produce in original learning, are. virtually 
worthle 


if they also eventuate in minimal facilitation of subsequent trans- 
fer and retention, as the present analysis clearly suggests to be the case. To 
the extent that facilitated transfer and retention are demonstrated by future 


research to result from original learning under conditions of extensive intra- 


task interference, an entirely new approach to education and other applied 
learning situations may be called for. As far as the present discussion is con- 


cerned, however, it is sufficient to note the direct derivation of this suggested 


? Subsequent completion of the analysis of this experiment, along with another per- 


formed subsequent thereto, produced several further lines of evidence consistent with 
the proposed principle, to be reported in detail elsewhere. These am yses also point 
to several additional factors (type and length of item, learning of incorrect and irrele- 


vant correct alternatives during pretraining, and proportion of pretrained pairs included. 
in a mixed paired-associate list) significantly related to the existence and amount of 
paired-associate facilitation resulting from variations in pretraining intratask inter- 


ference. 
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in Fig. 2 displaying amount of transfer as a function of complexity of the 
motor-transfer task following relevant-S pretraining, such that the general 
trend toward decreasing positive transfer with increasing complexity was re- 
versed for the motor task of the highest (four-finger) complexity. This relevant- 
S pretraining task had required the subject to pronounce nonsense words 
constituted by the sequence of individual letters adjacent to each individual 
light for several stimulus-light patterns, which were subsequently to be 
matched by finger movements in the finger-positioning transfer task. Since 
the number of stimulus lights in the patterns for each subject corresponded 
to the number of fingers to be used in the finger-positioning task, this neces- 
sarily meant that length of the pretraining "word" increased from one to 


four letters as motor-task complexity increased. Furthermore, the letters were 
arranged so that only the second letter was a vowel, with the result that the 
pretraining responses were all readily pronounceable except under the most 
complex four-finger condition, wherein the required pronunciations included 
such as QAPB and XENF. Clearly there was a substantial discontinuity be- 
tween the three- and four-finger relevant-S pretraining conditions with re- 
spect to difficulty of pronunciation of the required responses, enhanced 
further by the consistent consonant-vowel-consonant arrangement for the 
three-finger group which probably provided for as easy or easier pronuncia- 
tion than any of the other complexity conditions. 


eor 
Pretraining 
507 о--—о Relevant S 
9—— Relevant S-R 
40r 


Mean percent tronsfer 
m 
о 
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-20 


[m 
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] 2 
Complexity 


Fic. 2. Percent transfer from relevant-S and relevant-S-R types of verbal pretrain- 
ing to subsequent motor performance on а finger-positioning task as a function О 
motor-task complexity defined in terms of number of fingers (1-4) used in the finger- 
positioning task (Battig, 1956). 
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ansfer remains to be carried out, and will require independent sys- 
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tematic manipulation of the amount of intratask interference both within the 
first and second tasks, with minimal contamination by other dimensions of 
task variation unrelated to intratask interference. | 

There is, however, another puzzling result emanating from studies of 
motor-skills transfer and retention that appears entirely consistent with the 
present postulation of intratask interference as a prime source of intertask 
facilitation. Bilodeau and Bilodeau (1961) have recently reviewed and com- 
mented upon the surprisingly small and temporary interference effects pro- 
duced even by complete reversals of associative relationships between 
stimuli and discriminative motor responses throughout the extensive research 
sociates (e.g., Barch & Lewis, 1954; Lewis 
McAllister, & Adams, 1951), concluding that, “it is not easy to produce inter- 
ference” (Bilodeau & Bilodeau, 1961, р. 262). A common characteristic of the 


program by Don Lewis and his 


motor tasks predominantly employed in these investigations (e.g., the Com- 
plex Coordination Test and Star Discrimeter) has been the simultaneous 
presence of several different stimulus-response pairings, and of higher than 
usual levels of similarity particularly between the responses entering into 
the various pairings. Both of these factors would be expected to produce 
levels of intratask interference which are not only of considerable magnitude, 
but also are attributable to very similar sources across the original and 8 
е 


re precisely t 
facilitation, 


which appears to be sufficient to virtually cancel out those specific source 


fer learning tasks. According to the present analysis, these ; 


conditions that would be expected to produce maximal intertask 


Ps М ^ Я A А " М ееп 
of interference resulting from changed associative relationships betwee! 
stimuli and responses across the two tas 


I3 

Finally, a few speculations may be in order concerning the possibilities 
of extending the use of transfer techniques for purposes of intratask com- 
ponent analysis of motor tasks, as has been done so extensively in verbal- 
learning situations. Recognition of the importance of distinguishing between 
the component skills involved in complex motor performance dates back at 
least as far in studies of motor as in verbal learning it was vociferously ad- 
vocated by K. U. Smith and his associates for well over a decade (e. ., Davis: 
Wehrkamp, & Smith, 1951; Rubin & Smith, 1952), and became a central focus 
of Adams” (1964) recent review of the motor-skills literature. However, 
Smith's approach to the component analysis of motor tasks, as well as that of 
subsequent investigators (e.g., Archer & Bourne, 1956; Archer, 1958), has in- 
volved attempts to measure simultaneously and independently the separate 
components of the complex overall motor skill. 1 

As a result, the components of motor-learning tasks have tended to be 
distinguished primarily on the basis of physical properties and/or come 


2 x ыды ; ade by 
venience of measurement, as illustrated by the major distinction made 0) 
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desired, as indicated by the considerable discrepancies between this measure 
and number of responses the subject is capable of producing during free re- 
sponse recall (e.g., McGovern, 1964). In view of this discrepancy, it also fol- 
lows inevitably that attempted identification of the associative phase of 
paired-associate learning with the period intervening between the first 
occurrence of the response anywhere in the list and its correct elicitation by 
its stimulus term (Underwood & Postman, 1960) will similarly be doomed to 
failure. But what is important for present purposes is that the recognition of 
these noncorrespondences between measurable response properties and un- 
derlying learning processes came largely as a result of the application of 
intertask transfer techniques to the analy 


s of intratask component processes, 
as represented in the present illustration by the comparison between re- 
sponses emitted during actual paired-associate learning and during a free 
response-recall test. This, of course, does not necessarily imply a similar 
noncorrespondence between physically measurable characteristics and be- 
, although this remains a likely 
tion of intertask transfer techniques as 
the only available means for empirical investigation of the question. 


havioral processes in motor-learning tas 
possibility that calls for the applic 


Summary and Conclusions 


If nothing else, the present discussion should have demonstrated research 
on complex intertask transfer to be fraught with apparent inconsistencies 
and illusory artifacts, of which the greatest must surely be the impre 
induced by a superficial examination of titles and topical headings that re- 
search interest in transfer is currently on the wane. Quite to the contrary, 
the magnitude and generality of the effects produced by previous learning 


upon performance on new learning tasks require that transfer phenomena be 
placed at or near the head of the list insofar as over-all importance to PSY" 
chology is concerned. The apparent relative decline in research nominally 
concerned with transfer can be attributed to a number of factors, most notably 
its increasing overlap with investigations of single-task acquisition and re- 
tention, wherein the use of transfer concepts and techniques has become 2 
predominant characteristic of the typical experimental methodology, ере” 
cially for purposes of the analysis of component processes in complex learn- 
ing tasks. A similar emphasis on component analysis also appears to be d 
process of development in investigations directly concerned with transfer 
phenomena, which have progressively shifted away from the gross measure- 
ment of overall positive or negative transfer effects toward a more precise 
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of transient or nonexistent interference emerge from a considerable diversity 
of laboratory devices and experimental designs.’ For example, failure to 


show persistent intertask decrements has characterized investigations vsing 
tasks with one, two, or three response components. Complete and partial 


ible combinations have been introduced in both 


response changes in all pos: 
retroactive and proactive designs. Increased interpolated training on altered 
response elements produces immediate postshift decrements during re- 
learning, but the losses rarely fall to initial original learning levels and are 


quickly overcome. Increasing amounts of original training facilitates per- 
formance on various second-task partial response reversals. Barch and Lewis 
(1954) show joint facilitation (in time on target) and interference (persistence 
of errors) when subjects are shifted from one task to another demanding 
different responses. This finding is consistent with other reports from the 
research program of Lewis and his associates at Iowa. In a more recent study 
designed to maximize the probability of producing interference, Blick and 
Bilodeau (1963) controlled. the magnitude and direction of interpolated re- 
sponses according to quantitative similarity variations modeled on Osgood’s 
transfer and retroaction. surfac 


Similar to prior efforts to generate inter- 
ference with uncontrolled response interpolations, these authors report null 
results. 

Battig's hypothesis of intratask interference leading to intertask facilita- 
tion must be stretched precariously thin to cover the above results. It assumes 
powerful sources of intratask interference operating in tasks ranging from 
simple line drawing to complex coordination. Further, the hypothesis sug- 
gests that such sources of interference exist under the variety of experimental 
conditions noted above and in all cases produce a masking of possible inter- 
task interference. At the risk of placing my foot (motor element) in my mouth 
(verbal element), I wish to approach this problem in a somewhat different 
way. Namely, I will try to show that little discontinuity exists between motor 
and verbal findings, and that in fact the data are complementary rather than 
conflicting. The viewpoint proposed is that empirical differences between 


motor and verbal transfer studies may reflect (а) possible procedural differ- 
ristic 


ences in the application of specific S-R relationships; and (b) character 
differences in the selection and expression of transfer indices. , 

The first possibility (ite. noncorrespondent motor-verbal application of 
interference producing S-R relationships) would receive some support if it 


could be shown that new stimuli as well as new responses were characte! 


'The summary sentences following refer generally to experiments performed a 
Professor Don Lewis and his associates at Iowa. Specific citations have been omittec 
: А : 1 Р sj review 
since much of this res h is referenced by Bilodeau & Bilodeau in their 1961 revic 


and by Battig in the preceding paper. 
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It was noted earlier that differing indices and expressions of transfer may 
bscure as well as reflect similar findings. Thus, at least some of the apparent 
nconsistencies between and within verbal and skills areas may be related to 
his factor. Because of its accessibility, I will try to illustrate this point by 
eference to Battig’s Table I presentation of data supplied by Merikle. ‘The 
ormula used in computation of percentage transfer in Table I is shown below 
Попе with data from the first column of the Table (A-C paradigm) illustrating 
ts application, (C stands for control, T for the experimental treatment, and, in 
he case of error data, total possible has been entered as zero). 

5.00 — 13.13 —8.13 


Control — Treatment 
C=Totl possible = 500- (007 500100) =— 162.6% 


on of total possible errors as zero essentially converts the original 


xpre 
ormula (No. 6 in Gagné, Foster, & Crowley, 1948) to their formula No. 2, the 
scores entered. In view of 


atter being influenced by the absolute value of the 
his, what change in the numerator is most appropriate to any given change in 
he denominator? Is the prediction made that the A-C treatment will make 
nore errors than the C-D control, five more errors than the control, or more 
han twice as many errors as the control? If the C-D control were to have 
nade 10 errors, an event seemingly possible with any number of procedural 
dict that the A-C condition will make 18.13 errors or 


changes, should one pre 
.6 percent transfer 


26.26 errors? As must by now be painfully obvious, —162. 
can, in such a case, be obtained only by doubling A-C errors. An increase of 
only five errors for both treatments reduces the obtained transfer to —82 
percent, or half its former magnitude. The present writer is familiar with no 
ase, however, in which differential transfer predictions are predicated upon 
ratio relationships. 

This example has been treated in detail in order to illustrate a more general 
issue. The decision to express intertask interference or facilitation effects in 
terms of second task origin (immediate transfer), slope (delayed transfer), 
(restricted in tasks with limited ceilings), trials saved, or some 
ally influence the magnitude of one’s find- 


asymptote 


itio of gain or loss may dramatic 
of clearly defined and standard indices of transfer, 


ings. In the absence 


comparison between studies both within and between areas is severely 


handicapped. One final note (again in reference to the Table I data), by way 
of concluding this point and introducing the next. High-meaningfulness S-R 
subjects made an average of 13.68 errors during the learning of List 1. In 


terms of savings, a measure often applied in motor transfer research, all 


ms thus show List 2 benefits. In verbal research this index of transfer 


рагай 
condition provides a control for 


is seldom applied since the C-D reference 


nonspecific facilitation effects. Since a previous section of this discussion 
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likened certain interference designs in motor learning to just this C-D con- 
dition, the intertask effects involved require further elaboration. 

Belief in the facilitating effects of previous laboratory experience upon 
milar tasks is widespread, as Battig has noted. The 
attested to by consideration 
andard psychological reports. 


present and even di 
ubiquitous nature of such nonspecific transfer 
of practice effects in the method section of st 
The present remarks will try to show that such facilitation (a) represents one 
of the most reliable and substantial of intertask effects; and, (b) is among the 
least studied and understood phenomenon in this field. If such an appraisal is 
icilitation is a major source of difficulty for 
Is research. The relative 


accurate, nonspecific intertask fi 
ations in motor-skil 
ific transfer may in part be due to its 
ess analytic approaches. The 


interference-producing manipul 
unpopularity of research on nonspec 
apparent correspondence with older 
traditional question of whether practice A will facilitate performance 
ү standards, very informative. Fortunately, 


On task B is not, by contemporary 
ave been initiated solely to identify the specific 


and 1 
on task 


several recent investigations h 
component processes in learning to learn. Postman and Schwartz (1964) 
erial or paired-associate tz sks with trigram or adjective 
materials. Intra- and intertask item similarity was reduced as much as possible, 
«Шей for serial or PA adjective learning. In com- 
Parison with first-task performance, all treatments showed second-task facili- 
tation. Moving from one task to another produced less facilitation than staying 
With the same task, whether serial or PA. The change in materials produced 
ass effi 4 sere were switched from adjectives to trigrams. 
less effect, though no subjects were switched fr : ab 
Second-task performance differences showed up later than earlier, and the 


authors conclude that differences during the associative stage are primarily 
ilitation. No subjects were tested on trigrams 


Jaboration. It does reflect, however, a more 


trained subjects on s 


and second-task training 


responsible for the increased fa 

and this conclusion may need е 

analytic approach to the general phenomenon. | | 
learning-to-learn series, examined 


Postman (1964), in the second of the атт і 
PA adjective performance across three successive sets of first and second lists 


under А-В’. A-C, A-B,, and C- D paradigms, respectively. First-list learning 
for each set was on A-B, where the first letter designates the stimulus, the 
second letter the response, and В' an adjective associatively related to B. 


d, but severa 
t, speed of first-list 1 
C-D reference treatment displays 


The findings are complicate of them appear particularly relevant 
to the present discussion. Firs 
parable rates for all paradigms. Second, the 
somewhat greater facilitation over the first two test sets and a steeper acquisi- 
tion slope on the third than the other treatments, even A-B'. That is, whatever 
factors produce improvement in C-D, they are often more effective than the 
deliberate S-R manipulations chosen to facilitate treatment А-В’. Third, and 


earning increased at com- 
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finally, this experiment allows examination of initial shift and total test per- 
yed transfer effects. It is the latter which are, in this 


formance, and also dela 
case, most informative. Namely, while the initial test trial of A-C performance 


is far below that of A-B', A-C (interference paradigm) subject: 


show delayed 


positive transfer in relation to treatment A-B' (a facilitation paradigm). 
These studies serve to illustrate several points. First, prior practice repre- 
sk facilitation, even under conditions of 


sents a powerful source of intert: 
specifically designed interference. Second, post-shift decrements, as in the 
A-C condition, may quickly convert to positive delayed transfer. Both find- 
ings, it may be recalled, were described earlier as characteristic of motor 
‘eansfer. These results may be subsumed under the heading of intertask 
facilitation. When emphasis is directed toward retention rather than learning, 


however, a curious inconsistency arises. Battig has acknowledged this by 
urging the methodological distinction between transfer and proaction pro- 
cedures. The extensive nature of this particular problem merits further 
discussion. 

Intertask proactive facilitation is generally viewed as displaying positive 
slope and negative acceleration when degree of facilitation is plotted over 
practice on successive tasks. The gain may be completely realized on the 
second task (Greenberg & Underwood, 1950) or may still be showing up late 
in the series (Duncan, 1960). In contrast, repeated experience on nominally 
dissimilar tasks may lead to marked decrements or proactive interference if 
performance is measured in terms of retention. This has been shown by 
Greenberg and Underwood (1950), and convincingly reviewed by Under- 
wood (1957). The phenomenon has also been obtained in studies of short- 


term memory as a function of number of preceding items, and has been dis 
cussed most recently by Keppel (1965). At least a minor paradox seems 
ssive practice leads to intertask facilitation in the 


involved. That is, succe 
learning of new material, and to intratas 
material. It may be, of course, that, by increasing the amount of practice on 
successive lists (2, 3, . . ., n) to that amount required for originally learning 


interference in the retention of old 


list 1 (with concomitant successive degrees of overlearning), retention of any 
one list after 24 hours will show no such decrement. In at least one such ex- 
periment, however, this was clearly not the case and other explanations 
are required.? Since Battig has illustrated his provocative hypothesis with 
data from a recognition test (retention) and suggested its applicability to 
second-task acquisition phenomena (learning), the issue involved is seen to 
turn up in unexpected ways. In short, it is not enough to distinguish method- 


"The cooperation of Dr. Jenkins and Miss Brown in bringing these unpublished 
data to the writer's attention is gratefully acknowledged. 
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ologically between transfer and proaction designs. A need also exists for 
further investigation aimed at unraveling the effects of proactive facilitation 
in acquisition on the one hand and proactive interference in retention on the 
other. 

The preceding material has been concerned with two rather general 
problems. The first, represented by the apparent empirical differences ob- 
tained with motor-skills and verbal paradigm researches, was explicitly noted. 
The conflict has been approached by way of differences in procedures and in 
Measures of transfer. Battig’s hypothesis was discussed in this context, and 
tangential evidence provided for the view that it has relevance to motor 
Studies closely modeled on verbal paired-associate procedures. Nonspecific 
transfer was discussed as a powerful intertask source of facilitation in both 
task areas. The argument has been that obtained differences are more super- 
ficial than basic. The other problem concerned intertask processes which 
appear both reliable and substantial and which seem to require increased 


research efforts. Learning to learn and the paradoxical effects of prior ex- 


berience on learning and retention fall within this category. 

ition for motor-skills research drawn by Battig from his 
coverage of current v es concerns the use of a second task in 
order to investigate component learning processes in the first. There i 
a majority of motor transfer experiments 


The second implica 
bal approach 


evidence to support the notion that 
have been designed with similar objectives in mind. Fitts (1964), for example, 
è acquisition stages in motor-skills learn- 
analyses. Learning stage 


has described early, middle, and late 
ing in terms derived from verbal component proce 
analysis is of relatively recent vintage even in verbal learning, and identical 
in motor skills. However, recent motor 


terminologies and approaches are rare 
learning reviews (Adams, 1964; Bilodeau & Bilodeau, 1961) clearly emphasize 


the learning-performance distinction rather than second-task positive or 


Negative transfer effects, Another way of saying this is that such experiments 
“re mainly concerned with delineating learning as opposed to performance 
Variables. Transfer designs play a key role in such analys 
ad use of transfer methodologies noted by 


^s. I suspect, further, 


thi . ‘ a 
hat the increasingly widespre 
Battig reflects at least part of this reorientation. Such speculation appears to 
de more than casually justified by the past decade of skills research. 
1 wish to describe several promising re- 


In concluding this discussion, 
Search techniques for studying interference and facilitation not previously 


touched upon by Battig. The techniques to be discussed involve S-R manipu- 
lations producing interference or facilitation not between traditional para- 
digms, or even within any given paradigm with variations in meaningfulne 


Instead, they emphasize S-R relationships within paradigms and within 
ubjects when meaningfulness is constant. Their orientation is based not 


o 
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b 


upon manipulation of two points on a similarity dimension (identical and 
neutral), but upon associative relations between words scaled along a prob- 
ability continuum from 1.00 to zero. 

Bilodeau has already described the general methodology of stimulated 
verbal recall (pp. 337-345) and the procedures used by Blick (1965) to pro- 
duce unusually large amounts of interlist interference. This effect, obtained 
in an ABB design, occurred as a function of the pre-experimental free associa- 
tive strength of the primary response (R,) in conjunction with experimental 
exposure of the primaries on List 1 during training. Three subseauent ex- 
periments (Fox & Bilodeau, 1966) have shown that Blick's procedure may be 
used to generate interlist facilitation rather than interference when the В, 
words have associative connections with the List 2 words to be recalled. That 
ʻo- 


is, when a subject is trained with R, words on one list, and secondary 
ciates or some other words on a second list (e.g., Re), the probability of sub- 
sequent correct retrieval of the Re words is a joint function of p(R,) and 
p(R,— H.). If the first term is high and the second low (as in Blick), correct 
retrieval is depressed and many R, words intrude. If the fi 


st and second 
terms are high, production of Re in recall is facilitated and far fewer К, words 
intrude. The critical point is that the same paradigm and operations may lead 
to either interlist interference or interlist facilitation, dependent upon the 
internal associative probability connections between terms. 

A second line of research has investigated proaction and retroaction 
effects when the materials employed bear known strength in the individual's 
own response hierarchy. Coleman (1963) assessed individual associative 
hierarchies through measures of response latency, and used the materials so 
derived in a subsequent paired-associate task. He found that an overwhelm- 
ing majority of intrusion errors during learning could be specified in terms of 


the individual subjects pre-experimental response hierarchy. Paired- 
associate learning of materials with low extraexperimental interference, as 
previously defined, was more rapid than paired-associate learning of material 
with known sources of high extraexperimental interference. 

In general, experiments relating intra- or interlist verbal recall to word 
association responses typically rely upon assessments of pre-experimental 
normative data. Coleman's approach is an exception, and studies using the 
same subjects in both norm gathering and recall phases are rare. This writer, 
in an investigation stimulated by E. A. Bilodeau, interpolated the individual 
subject's own free-associative primary response between training and recall 
phases (Fox, 1964). The salient results showed within-subject facilitation 
(p recall = .84) and interference (p recall = .26) as functions of the relationship 
between training and interpolated material, and the free or controlled regula- 


tion of the recall environment. 
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A third line of current activity is illustrated by Brown, Jenkins, and Lavik, 
965 т 2 : А А 

(1965). They use interspersed test item techniques (modeled after stimulus 

generalization procedures) following paired-associate training. The results 


ization gradients of response transfer as a function 


display decreasing generi 
of the decreasing associative relationship betwe 
test stimuli. All in all, these examples display an increasing concern with pre- 
experimental and experimental assessment of associative word relations. 
techniques described by Battig, they show 
dures now available for specify- 


en original and interspersed 


se wed in conjunction with the 
зе increasingly wide range of analytic proce 


ing the variables and conditions governing interference and facilitation. 
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Chapter 6 
Information Feedback 


INA McD. BILODEAU 
Tulane University 


Labels and Definitions 


A variety of general terms has been used for much the same experimental 
Procedures: knowledge of results (Dees & Grindley, 1951; Lavery & Suddon, 
1962); feedback [achievement information feedback (Smode, 1958); informa- 
tion feedback (Bourne, 1957); reinforcing feedback (A. Taylor & Noble, 1962); 
Psychological feedback (Payne & Hauty, 1955); etc. ]; reinforcement (Suppes 
Top RAT 1961; Taubman, 1944); and reward (C. E. Noble & Alcock, 
se 8; Saltzman, 1951). An experimenter's choice among these terms some- 
times suggests the essential function he attributes to feedback (is determined 
by his systematic position), but, as often, his choice of a given term seems to 
imply little about his systematic commitment. There is some tendency for 
feedback to be used in tracking studies, and knowledge of results (KR), infor- 


та > 1: ee NET . ч "ma f 
tion feedback (IF), or reinforcement to be used in studies of positioning and 
opposite can also be found. Different 


Sate learning, but examples of the р j ; 
S may be used very similarly by different investigators, and the same 
term may have different meanings to its different users. For example, H. 
Seashore and Bavelas (1941) apparently approve knowledge of results be- 

of the subject's inner workings; E. A. Bilo- 
abbreviated to KR), but clearly wishes to 


ashore and Bavelas approve and to 


iue | ies some connotation 
ist 956) has used the same term ( 
з Ip it of the very connotation of which бе 
et the definition of KR to external manipulations. Like Bourne and his 
“ssociates (1963), who use informative feedback (IF), Bilodeau puts the sub- 
жы, berceptions, reasonings, and interpretations among the dependent 
a be studied as consequences of stimulus (S) events iwhether called 
reason: i Beside general terms, there are a number of specific terms in 
asic ж 4 NOE use, usually produ о 
3 5 erms. The modifier often merely denotes a specific manipulation, as 
intermittent, augmented, and terminal feed- 


255 


ced by adding a modifier to one of the 


Xample, supplementary, 
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back; but sometimes the specific term has systematic meaning as well, as, for 
example, in uses of intrinsic vs. extrinsic and action vs. learning feedback. 
The operationally aimed specific terms will be treated in later sections; a 
discussion of general terms, definition, and specific terms that make a syste- 
matic Commitment continues below. 

Choosing a term is arbitrary and feedback's functions in learning and per- 
formance are matters of dispute, but there seems no excuse in contemporary 


psychology for confusing external stimuli with the subjects responses. Using 


the same term for the experimental processes of providing knowledge of re- 


ilable, and for the recipient's 
ing the information is conducive to misunderstanding and discord. 


sults (Brown, 1949), i.e., making information a 
proce 
Obviously, if knowledge of results refers to the subject's awareness of the 


effects of his responses, some other term is needed for the variables that in 
turn control the subject’s awarenesses and evaluations. In this sense, knowl- 
edge of results is a construct, with the usual position between antecedent, or 
independent, and consequent, or dependent, events, and the antecedent 
events and the construct need different names. The excuse for the confusion 
seems to be that knowledge of results is a very bad and misleading expression 
and the conclusion is that the dangerous expression should be discarded. 
Unfortunately, KR can be discarded only in favor of less offensive expressions, 
and not for an absolutely favorable term. Reinforcement irritates some work- 
ers, who associate the word with theoretical positions on how the reinforce- 
ment acts (E. A. Bilodeau & Bilodeau, 1958а). Feedback unfortunately has 
clouds of servomechanism wreathing its head, and is (often with sensory or 
sensorimotor added) a legitimate and useful expression for response-produced 
stimulation which to the present writer is part of the response (see Frequency 
of IF, below). Perhaps IF is the least noxious of the available expressions, if 
only because information has a more contemporary ring than knowledge. 


As we shall use the term (and with no originality), IF refers to stimuli 
under the experimenter's control, and related to response (В), presented 
during the course or at the end of a response. The subject's cognizance of 
what he is doing or has done is not IF, nor is the proprioceptive stimulation 
produced by the behavior, though one may use proprioceptive IF (Lincoln, 
1956). The discrepancy between goal and obtained responses is the IF 
(Fitts, Noble, Bahrick, & Briggs, 1959; E. A. Bilodeau, 1953b; Suppes & 
Frankmann, 1961; Rouanet & Rosenberg, 1964), and varying the relationship 
of the IF scale to the scale of the experimenter's records is the most important 


area of research in IF; that is, 


IF, HR, С), a) 
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where R, is a quantitative expression of the response on Trial n and G is the 
goal response, or value, scored as errorless (a hit, coincidence of manipulan- 
dum and target, ete). The f may convert the IF to um-hm vs. uh-uh, at one 
x of display features in continuous tracking at 


extre " 
Xtreme, and be the comple: 
rimental work is to determine the relation- 


P ege The object of the expe 
hip between IF variables and behavior, i.e., to express 


R, 1 UF, HR. С). (2) 


Hypothetical Properties of Feedback 


Probably most psychologists would allow that IF has at least the following 
‚ regardless of hypothesized theoretical properties: 
rformance, and (c) eliminating pre- 
tical properties, logically, IF, as any 
(a) directive, (b) motivating, and (c) 
ctions of research done in the 


three empirical propertie 
(a) R strengthening, (b) sustaining pe 
viously established Rs. As for its theore 
Stimulus, can have all or any of three: 
xm ang. A glance through the discussion se \ d 
SUM S (for example, Gilbert & Cr fts, 1935; Trowbridge & Cason, 1932), will 
(uiekly establish both the age and venerability of the hypothetical roles of IF 
m learning and Performunge and the conviction that little forward progress 
has been made in relating IF exclusively to stimulus, drive, or reinforcement 
in the past 30 years. The P sally fortunate investigators are those who began to 
Study feedback from an interest in probability learning, and have felt free to 
Plunge at once into studying response probability and response variability as 
“nections of a variety of feedback manipul 
i est presentation of the theoretical status of feed- 
back and its alternative hypothetical properties (1949), and his thorough dis- 
' ariables deserves more attention than its obscure 
stigators, the directive property 


ations. 


Brow 
town has made the clear 


Cussi ` 
ton of problems and v 


Publicati - inve 
blication has permitted. Among other inve 
see ith equal stress by all. E. A. Bilodeau, 


igh not w 
perty, 
& Broussard, 1955) are more moderate, 
or not committing them- 


115 generally 


iccepted, thor 
Who о i 


Oth „mphas s the directive bro 
eimer (Adams, 1964; C. E. Noble 
vcn allowing all three properties as 

es as to how IF operates. withholding 


ИУ sensible posi 
ential properties separately, and the 


ndent of the property, account- 


maintains one extreme position. 


as reasonable 
commitment until more low-order 
on; few manipulations have 


are gathered is doubtless the 


yet bee : 

118 been offered that would vary the pot 
ea ly indepe 
a quantified error score, IF is at 


pond (his cue) and his rein- 


be кешеш seems to be resolute! 805 
Once t] 4 Taken as a stimulus that proves 85 
foicen he stimulus to which the subject 15 ib ан ай N е) and his ге 

nent. Motivationally, IF can operate either by being there or by being 
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variable. Conceding that IF clearly has empirical cue properties, one might 
still push the question of whether the cuing depends upon an incentive or 
reinforcing IF. If one turns to the data to settle IF's theoretical action, the 
situation is as bad. Reducing, eliminating, or impoverishing IF from some 
source lowers performance, because the S is not there to evoke R, the source 
of drive has been removed, or the reinforcing agent has been eliminated. 16, 
despite decrement, performance is better than it would have been without 
the period of richer IF, have the subjects learned more because the S to 
evoke the relevant R was once present, they were more motivated during 
acquisition and therefore put out more responses, or they had more frequent 
reinforcement in the past? (A food pellet can have the same three properties 
and pose as much of an explanatory problem as + lO ie the people study- 
ing IF are not alone in having trouble with their hypothetical properties.) A 
relatively small group of studies avoids much of this confounding by using a 
imation and “right” vs. “wrong” as IF (J. T. Spence, 1964), or 
IF for correct vs. incorrect Rs (Chinn & Alluisi, 1964). The information in the 
IFs is the same, and yet the behavior to the two is not. 

Perhaps part of the difficulty in separating IF's moti 
erties is that attempts to demonstrate motive-incentive effects from instruc- 
tions, tuitions, shocks, praise, exhortations, and extraordinary IFs usually 
fail. It is hardly surprising, then, that dramatic motivational effects are not 
readily evidenced after the dry report of an error by size and direction. A few 
demonstrations (whose theoretical implications might be wrangled over) have 
succeeded, of course. Threatening the subject with along or arduous practice 
session usually slows him down (Ross & Bricker, 1951; Saufley & Bilodeau, 
1963). Fleishman (1958) combined an arduous-practice threat with various 
other incentive techniques and produced slightly higher performance levels, 
ubjects. C. E. Noble, Fuchs, Robel, and Chambers 


two-choice 


ating and cue prop- 


butonly in his high-ability 
(1958) succeeded in producing social competition effects on a self-paced 
psychomotor test, not on an experimenter-paced test, and have a good dis- 
cussion of possible reasons why. French (1955) has found that incentive 
instructions can work when they are suited to the subject's motivations. 
Payne and Нашу (1955) used incentive-IF techniques to maintain high 


levels of output over hours of compensatory tracking; their success in pro- 


ducing such an effect may be just because they did use a day’s, rather than а 


few minutes’, practice. Long-term studies, at any rate, seem more prom 
than studies in which one group is told for 10 minutes that it is doing very 
well and another group is told that it is doing very poorly. An example of the 
rewards of long-term effort is Walton and Begg's (1958) 20-day study of im- 
beciles on a fatiguing task; these investigators were able to observe differ- 
ences among encouraged, goal, and competing groups in the first half of 


practice, and a later decline. 


INFORMATION FEEDBACK p) 


59 


15 a previously expressed. objections (E. A. Bilodeau & Bilodeau, 
a, 1961), the writer now admits the harmlessness of including IF in the 
Beneral class of reinforcing events, without commitment on its theoretical 
action ie, IFs are certainly stimuli that are consequences of behavior and 
that serve to modify R probability. While the utility or advantage gained in 
using reinforcement rather than IF may be questioned, there seems to be no 
Mpropriety in substituting one empirical term for another. The several 
meanings of reinforcement, however, and the argument over them, are enough 
to frighten the writer away; when reinforcement, reinforcements,..., and 


reinfore р А Е, 
inforc ement, are disentangled seems adequate time to attempt a translation. 


An Area Delimited 


: The topic of IF, or the stimulus consequences of behavior, is so broad that 
it Duts no limits to one's coverage. The writer therefore chooses to emphasize 
IF and positioning responses in discrete-trial presentation. Heavier and 
lighter behavior are treated only incidentally. Among the rationalizations for 
table is avoiding redundancy: 
Iton’s Tracking Behavior (Chapter 


r 9), all have specific feedback 


955 arbitrary restriction, the most prese 
8 oble's Selective Learning (Chapter 2), Pou 

), Smith's Behavioral Cybernetics (Chapte 
contributions; and L. Bourne, discussant for this chapter, fills in some im- 
Portant mathematical learning and concept-formation holes. The following 
Presentation is drawn largely from research 
continuous Gà 


on motor responses that can vary 
limension, can be scored along 
and a function of the score pro- 
ontrol; a single setting is made 


in exte 
Xtent or degree along some 


the в 
5 nter's record, 


ы кеп for the experiment 
9 the subject, e.g., the subject sets а с 
Per trial; some noticeable break occurs after one response, and before the 
QENE iscalled for; and ordinarily the IF occurs in the break between respor 
Figure 1 presents schematically the sequence of events in a typical position- 


S. 


ing task wi е 
8 task with discrete trial-presentation. 
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Fic. 1. Typical sequence of events in a positioning task. 
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Four major areas of research are reviewed: locus of [F—its temporal 
ind to the next R in the 
sequence; frequency and frequency schedules of IF —absolute and relative 
numbers of IFs and presence vs. absence of IF; augmented IF adding IF to 


placement with respect to the R to which it refe 


the standard IF the task provides; and IF transformations = manipulations of 
the function relating IF value to R. 

In most of the contemporary studies reviewed below, precautions have 
been taken to minimize transfer of training from past experience by such 
t 
length or move a lever the correct distance (not to learn to draw a 3-inch 


techniques as telling the subject he is to learn to draw a line of the cor 


line or make a 60° pull); and expressing goals, Rs, and errors in arbitrary 
units, rather than in inches, degrees of arc, or other familiar units. The subject 
also is ordinarily blindfolded (or fixation-point and screens are arranged to 
prevent his watching any effect of his R during its execution) — unless action- 
IF treatments are deliberately introduced for comparison; like controls are in 
effect for unwanted auditory, tactile, and other cues that the apparatus might 
contribute. Two procedures are typical. If error is to be reported, the subject 
may be, for example, advised to try to make an R of the correct amplitude or to 
try for an R of 45 units (which might be 67.5°) and told that he is 5 units (not 
7.5?) above or 4 units (not 6°) below the goal. If R amplitude is to be reported, 
the subject may be told to try for a score of 45 units (not 67.5°) and IF is 50 
units (not 75°), 41 units, etc. (The word unit may itself, of course, be omitted.) 
all concealed from the responding 


Experimenter, control, and IF scale ar 
subject in the standard terminal-IF treatment, i.e., research on IF with posi- 
tioning Rs is concerned with operational feedback (Smith, Chapter 9, p. 465). 


Temporal Locus 


The locus of IF refers to its position in the trial cycle, and includes delay 
of IF. Except perhaps for feedback's role in learning and the related question 
of the function of supplementary IF, no other variable has aroused as much 
dispute as delay — the time elapsing between a response and its IF. Some of 
the controversy comes from the data, much from the implicit or explicit 
expectation that temporally displacing IF from the response would produce а 
gradient similar to gradients obtained by temporally displacing primary 
reinforcement from an instrumentally conditioned response. With a ready, 
though sadly misapplied, theoretical basis, delay was the most interesting, 
even the only really interesting, feedback variable of the 1940's. A closer 
look at the theoretical sections of reports of gradients in instrumental con- 
ditioning would have revealed that much of the point was to identify variables 
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that controlled slope and extent of gradients of delay (Grice, 1942); and in 
contexts of both feedback (Lorge & Thorndike, 1935) and food delay (K. W. 
Spence, 1956), the efficacy of empty delay, or delay alone, has been doubted. 
sponses support the doubts of the importance 
most widely interesting 


Studies of simple positioning r 


of sheer delay of IF—to the conclusion that the 
Because of its thus hallowed status 


Manipulation is among the least effective. 
das a separate topic, 


às an area of dispute, and its age, temporal locus is treate 
rather than as an item under the more general topic of transformation; K. U. 
Smith, Wargo, Jones, and Smith (1963), however, quite properly treat temporal 


and spatial displacements together. 


DELAYS IN TRACKING 

Effective delays of feedback are not difficult to find. In tracking (Warrick, 
1949; Conklin, 1957; Garvey, Sweeney, & Birmingham, 1958), in handwrit- 
ing (van Bergeijk & David, 1959; W. M. Smith, McCrary, & Smith, 1960), in 
Speech (К. U. Smith, 1962), in selective learning (C. E. Noble & Noble, 1958), 
and, generally, wherever the subject responds continuously to a continuously 
changing display (of which his feedback is a part) or receives terminal, lump- 
sum IF after a series of Rs, temporal lag in the response-feedback sequence 
disrupts behavior. (If a subject gets a score only after he positions a stick, 
R error is a suitable index of performance; but if the subject receives IF as he 
positions the same control, response time must be scored if improvement with 
Practice is to be demonstrated.) To illustrate the disruptive effects delayed 
le of serial and terminal feedback in 
ble, 1958). Otherwise, the reader is 
9 for more extensive review of effective temporal 
d IF below for further elabora- 
r has, however, de- 


IF сап һауе, Fig. 2 presents an examp 
Selective learning (C. E. Noble & No 
referred to Chapters 8 and 


ag in feedback and the section on Augmente! 
terminal treatments. The write 


tic [ н 
n of continuous vs. 
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Fic. 2. Terminal and serial IF in trial-and-error learning. Probability of a correct 
ton: oble & Noble, 1958). 


res 
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liberately omitted Chase from the above incomplete list of contributors to the 
literature on delay in repetitive and continuous responding. Though Chase 
and his colleagues have used some interesting devices, the work [fairly com- 
pletely reviewed by Chase (1963)] generally suffers design, procedure, and 
analysis weaknesses far in excess of experimental psychology’s tolerances. 
If off-setting feedback by half i 
(as it alternately scalds and freezes a showerer who fails to wait for one faucet 
turn to take effect on his water temperature before he makes another turn), 


second would ruin rotary pursuit tracking 


one can say, “Why not?" as well as, "How much?" A subject who must re- 
spond to present error, given, say, an error signal jointly determined by 


present programmed input and past response output, must be able to separate 


the two, remember and anticipate program input, remember whatever ma- 
nipulations he has made since the responses now being reported, and esti- 
mate the effects of his intervening responses. If the subject were perfect at 
these functions, tracking would hardly be a learning task for him. In a control- 
lag context Conklin (1957) concludes that any variable that reduces the 
accuracy of short-term prediction adversely affects tracking. And other evi- 
dence shows that a subject can neither keep track of past events (Pollack 
& Johnson, 1964) nor extrapolate target events perfectly (Battig, Voss, & 
Brogden, 1955b). The possible effects of pure delay are at least confounded 
with the incidental effects of interference and estimation; certainly any ex- 


tension of fading-trace thinking is here misapplied. 


Locus vs. DeLay or IF 


Lorge and Thorndike used ball throwing and discrete trials in studying 
delay of IF, selecting task and procedures in order to "... discover the effect 
of sheer empty delay ... which interferes as little as possible with the belong- 
ing of the after-effect to the connection" (1935, p. 186). Their point seems 
well taken (though studies of delay in all kinds of situations are needed), and 
here a neutrally filled delay is accepted as the best practical substitute for 
absolutely empty delay as the least complicated condition for testing the 
effect of delay аз delay. Figure 1 shows the temporal events of such a single 
positioning trial; as Brown (1949) and later E. A. Bilodeau and Bilodeau 


(1958b) have pointed out, delay of IF is not the only time interval that might 


influence behavior. Indeed, there are three potentially effective experimental 
variables: IF delay lag from R to its IF; post-IF interval — time elapsing be- 
tween IF and the start of the next R; and interresponse interval (II)— time be- 
tween successive Rs. It is obvious that if II is kept constant as IF delay is 
varied, then the post-IF interval varies inversely with IF delay, and any be- 
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havioral effect is more properly attributed to locus than to delay (E. A. Bilo- 
dean, 1965), as the effect may as much depend upon the proximity of IF, to 
R. as upon its proximity to R. 

More precisely, if any of the three intervals is constant, both of the others 


Vary as one is varied, and an investigator who wishes to study them must seek 


Ways of unconfounding their effects. One cannot, of course, without using 
reminder treatment, feed independent values of the three temporal variables 
into a single treatment, as ang two determine the value of the third. But one 
can separate the effects of these confounded variables with any design in 
Which the same two are not covaried in all groups, i.e, an experiment can 
have three sets of treatments, a different one of the three temporal variables 
& Bunderson, 1963). If there is an expected 
that variable can be held constant at its 
d to determine if either of 
Allard, Hall, & Rokeach, 


1 constant at a pre- 


Constant from set to set (Bourne 
Optimal value of one of the three, 
presumed optimum, as the other two are covarie 
the others is indeed an effective variable (Denny, 


1960). And a reminder of the IF can hold post-IF inter 
lay alone or П alone varies (E. A. Bilodeau 


r design using IF delay of 1, 5, 


sumably favorable value as de 
& Bilodeau, 1958b). For example, a reminde 
and 30 seconds might repeat IF for all groups 15 seconds before the next R is 
due, to hold post-IF duration 
Fesponse interval of 45 seconds. 
None of these illustrative studies, which, . 
Lo investigate the possibility that more than delay of IF might be operating, 
Produced any support for delay of IF as tive variable. The two studies 
M a positioning task supported II as th 
Mattered, locus of IF irrelevant (E. A. Bilodeau & Bilodeau; Denny et al.); 
Bourne and Bunderson found longer post-IF intervals beneficial in their 
Concept-formation task. These differences do not seem to reflect an inter- 
Action of task and temporal м riables, but rather a difference in the postIF 
Values studied, The two positioning studies used a minimum post-IF dura- 
tion (8—10 seconds) about equal to {һе maximum used in the concept. 
rmation task. Weinberg, Guy, and Tupper (1964), using a wider range of 
POSt-IF values, have recently reconciled the several post-IF Опава they 
1 5 seconds equally good in a positioning 


at 15 seconds as delay of IF varies in an inter- 


incidentally, were all designed 


an effe 
e only temporal variable that 


found post-IF durations longer than | | - 
task, and a I-second post-IF treatment inferior to the ot ers. | 
) reasoning to justify keeping track of the 


d in turn by a summary of some of the 
account. Parts A, B, and C of Fig. 3 
for predicting significant IF-delay 
Part A presents the 


Some (not necessarily correct 
three intervals follows, to be followe 
data that speak for taking all three into 
a most naive and untenable case 
effects on the basis of a straw-man fading trace theory. : 
hypothetical decay of the trace ofa response, Ra that may be followed closely 


Present 
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(arrow at ts) or not so closely (arrow at f by IF; if R, was correct, a connection 
is established at ts, with a trace very like the trace of the correct R at t, and 
a less favorable connection is stamped in at tj. (Similar, though less simple 
descriptions of stamping out can be offered when R, is reported as incorrect.) 
Presumably, then, the dominant tendency at the respective IF points would 
result in a more accurate R., at fs, as in Part B of Fig. 3. But this simple- 
minded trace story is incomplete the trace of R, is not the only event that 
can decay or be interfered with; IF, alternative Rs, and the new dominant 
tendency [as discussed and demonstrated by E. A. Bilodeau, Sulzer, & Levy 
(1962) and E. A. Bilodeau & Levy (1964)] are all at least potentially suscep- 
tible to forgetting. If one considers only the new R tendency, there seems no 
reason to assert that it is stable over the period from its establishment to its 
use. Part C, however, of Fig. 3 makes just this foolish assumption, with the 
necessary implications that the shorter delay after R, will yield better Ну 
performance, regardless of time from IF, to R, and that R., will be in- 
sensitive to any temporal variable but delay of IF. A different hypothetical 
case is presented in Part D of Fig. 3, where error in R increases with time 
between IF, and R,, ,—and where, depending on when the test is made (II 
constant), it is possible to find any outcome: delay irrelevant, short delay 


beneficial, or even long delay superior. 
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Fic. 3. Graphic representation of simple-minded, hypothetical trace decay with 
time after response (A); corresponding error in the dominant В tendency at IF (В); 
error in the dominant tendency after IF, assuming R tendencies change only before 


IF (C); and an alternative (D). 
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Hypotheses being free, we might speculate indefinitely about decay in 
the post-IF interval and its sources; extent; shape and slope, and the variables 
that affect them. The present purpose is merely to make a case for consider- 
ing time after as well as time before IF as an interval in which events sig- 
nificant for the next R can occur. Forgetting possibilities are not the only ones 
Bourne and Bunderson 


pointing to research into both post-IF and IF delay 
(1963) make a different case for the importance of the post-IF interval (in 
concept formation), showing that a short post-IF period has adverse effects 
al makes its own case as a universal variable 


or à 
Y iaie Interresponse interv: 
volving at least two trials. One 


that one must take into account in any study it 
thing, at least, does seem clear: that Parts A, B, and C of Fig. 3 do not predict 
the outcome of actual studies in which time between R, and R, + is varied. 
MacPherson, Dees, and Grindley (1948), and later E. A. Bilodeau and Bilo- 
deau (1958Ь) and Denny, Allard, Hall, and Rokeach (1960), have all presented 
evidence that as the interval between successive positioning responses in- 
bu ases, accuracy declines. Bilodeau and Bilodeau further found the decline 
M accuracy to occur even when they combined a short delay of IF, with a 
reminder of the IF, shortly before R „+, to make both delay and post-IF 
intervals near optimal. 

_ The fact is, of course, that there has never b 
for a gradient of delay of IF in any task in which the subject learns a single R 
and in which the IF is given before the subject is obliged to use it. If the 
Subject may delay R, , vip a series until he has received IF,, it does not seem 
to matter if IF, is interpolated immediately after R, or later in the interval 
between R, and R. . Lorge and Thorndike (1935) made similar statements 
When they reped insignificant delay effects in a ball-tossing experiment. 
Even studies of IF in classroom situations yield little support for immediate 
Уз. delayed feedback when they are not taken at title value (Morgan & Morgan, 
1935), Otherwise, through the mid-1950's there was just one prominent 
demonstration ofa papan of delay (more properly of locus) in a positioning 
task— Greenspoon Б Foreman’s (1956) study of line drawing, with IT con- 
Stant, plication, with better control of response origin 
and a change in the activity interpolated between Rs ("hand-maintaining" or 
Not), of an earlier null stud by Saltzman, Kanfer, and Greenspoon (1955). 
гапа Foreman experiment have since been re- 
tv of modifications and controls by Mc- 
R Denny et al. (1960), and 


een much empirical support 


The experiment wasa re 


"Me 
raion of the Greenspoon 
С ated, in line drawing, with a varie 
"Wigan (1959), E. A. Bilodeau and Ryan (1960), 
ecker, Mussina, and Persons (1963). With delay and П covarying, McGuigan 
xperiment. E. A. Bilodeau and Ryan 


Teporte : 
Ported no delay effect in his major е 
“hand-maintained” treatments and 


Used “ харора ” 
фу both “hand-not-maintained” and 
© of Greenspoon and Foreman's original locus treatments —O-second 
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delay-30-second post-IF and 20-second delay-10-second post-IE.! The main 


effects and interaction all failed to reach the .05 level of confidence. Denny 
et al. had their groups draw 60-glub (3-inch) lines, gave IF in glubs, and 
found no difference between groups with equal H and different locus of IF 
(Q-second delay-30-second post-IF vs. 20-second delay-10-second post-IF) 
but a difference at the .02 level between two groups with immediate IF and 
different H (0-second delay-10-second post-IF vs. O-second delay-30-second 
post-IF). Becker et al. varied delay, post-IF, and H, as well as omitting IF 
for one group, and found both in acquisition and in a retention test (without 
IF) that the only Significant effect came from the presence of IF during 
acquisition. 

In five studies with various positioning devices, and intervals ranging 
from 20 seconds to 7 days, E. A. Bilodeau and Bilodeau (1958b) also failed to 
find any trend in error with increasing delay, independent of the trend intro- 
duced by lengthening H (IF delay constant and short). Characteristic learn- 
ing curves for short- and long-delay treatments can be seen in Fig. 4, where 


neither rate of approach to asymptote nor asymptote seems to depend оп 


delay. Rounding out the above studies, which have minimal delays of 0-3 
seconds and other delays of at least greater than 10 seconds, is a study by 
C. E. Noble and Alcock (1958) in which treatment differences in delay were 


sec deloy 


inches) 


Absolute error 


0.57 


a 
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© 
© 


Trials 


of IF. Error on successive 60-second trials 


é, 1961, with O interpolated Rs; n = 30 for 


Fic. 4. Positioning accuracy and deli 
for brief and long delay. (From data of La 
each group.) 


The experiment repeated the treatment, 20-second delay-10 second post-IF, 
rather than the 30-second-0-second. extreme of the original (a) because of the tech- 
nical difficulty of approaching a 0 post-IF value and (b) since а post-IF period that 
approaches 0 gives the subject no time to process his IF. The 30-0 second combina- 
tion, thus, uses unfavorable values of two variables, not just of delay. 
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total range of delay was 0-3 seconds 
onents of the efficacy of delay. 
riments reporting no delay 


measured in fractions of a second and the 
again with discouraging results for prop 

А In brief, there are several recent strong expe 
effects in simple positioning (and other) tasks where IF is interpolated be- 
tween the response to which it applies 
There are a few studies claiming (at the .05 leve 
ay and post-IF intervals are con- 


and the next response in the series. 
1) delay effects without 


adequate experimental design. When del 
founded and the latter is very brief, the findings of Bourne and Bunderson 
(1963) and Weinberg, Guy, and Tupper (1964) both support the inadequate 
Dost-IF interval rather than the long delay of IF as the source of such locus 
effects as have been produced (E. А. Bilodeau, 1965). 

Ryan and Bilodeau (1962) obtained a marginal effect during counter- 
brief vs. 7-day delay. Subjects first 


traini A pu v 
raining in a lever-positioning task with 
lays and a constant target, and then 


received a block of trials with brief IF de 
responded once a week, the target shifting by a constant amount for suc- 
ce d in Fig. 5, where it is clear that both groups 
h, and that the difference between groups 


sive Rs. The data are presente! 
shifted R magnitude, but not enoug 
is both small and constant from trial to trial. 
clined to attribute their .05-level difference to chance; another possibility is 
that the delayed group took one trial to 
and suffered that much detriment throughout, 


The experimenters were in- 


adjust to the change in IF treatment 
and another is that the differ- 


40r x Delayed 


| E" ad e immediate 
4 


16 - 


Lever movement (degrees) 


of IF. Mean R amplitude on, training trials 
ag trials (9-15) with immediate IF or 
how the required R amplitude. (After 


ъа че 5. Countertraining and delay F. 
e immediate IE and on countertramt 
Wong delay. Straight lines without symbols У 

is Bilodeau, 1962). 
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ence reflects the greater resistance to change in the original R that some 
writers have claimed for delay treatments, unfortunately for rather weak 
experiments (Lavery & Suddon, 1962; Brackbill & Kappy, 1962). Ryan and 
Bilodeau’s experiment might be replicated by anyone who finds the results 
sufficiently suggestive. 
Until recently the writer had been inclined to go along with the teaching 
machine propaganda that in verbal, problem-solving, and selective-learning 
situations delay might be important. The basis for this was an experiment by 
Saltzman (1951), who found delay of IF detrimental to verbal-maze acquisi- 
tion and pointed to the differential opportunity to perseverate on errors as а 
possible determinant of the obtained differences. Additionally, of course, 
intratask interference in some verbal tasks (though not Saltzman's) with many 
Rs to be learned might produce incidental delay effects. But in recent years 
a sizable number of null results have been reported in all kinds cf situations. 
Brackbill and her associates (1962, 1963, 1964) have a series of experiments 
in selective learning with children in which the typical finding seems to be a 
trivial, statistically nonsignificant, difference favoring short delay in acquisi- 
tion, and a consistent suggestion (at about the .05 level) that delay improves 
retention. The retention differences may, thus, be direct or indirect effects of 
delay (better retention, the longer the training); but in any case, short delays 
do not produce dramatic benefits in selective learning (C. E. Noble & Alcock, 
1958). Other nonmotor studies, too, show no delay effect—as, for example, in 
paired-associate learning (Brackett & Battig, 1963; and Kintsch & McCoy, 
1964, with separate treatments controlling post-IF and intertrial intervals). 


INTERPOLATED ACTIVITY 


Finally, of course, there are demonstrations that delaying IF can reduce 
positioning accuracy when the delay interval exceeds the interresponse 
interval. Lorge and Thorndike (1935) concluded that their subjects could 
improve with 6 seconds empty delay, but not when IF referred to the second 
previous, rather than to the immediately previous, throw. This trials-delay 
treatment displaces the successive IFs by one or more responses. Without 
trials delay the sequence of events is R,-IF,, Ro-IFy, ..., R,-IE,; with a one- 
trial delay, the sequence is Ri, R;-IF;, R;-IE;,..., R,-IF,, „, and with a three- 
trial delay the IF is displaced by three Rs; R,, Ra, Кз, Ry-IF,,..., R-IE, a 
In two later experiments (I. McD. Bilodeau, 1956), it was shown that learning 
does take place despite trials delay, at least up to the maximum (five-trials) 
delay used, though error increases with delay. Lavery and Suddon (1962) 
have produced similar acquisition differences and have also tested for residual 
effects after IF is withdrawn: the retention effect, though not strong, favors 
trials-delay over immediate IF treatment. Bilodeau suggested that making 
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other Rs between R, and IF, and the associated opportunity for interference, 
accounted for the trials-delay effect, and emphasized the analogous demands 
upon the subject in tracking with lag and positioning under discrete trials 
presentation, but with trials delay. Larré (1961), in turn, has shown that 
merely making positioning Rs is not the critical variable; he interpolated 
responses without IFs between responses for which IF was given, varying 
sponses (0, 2, or 6) and their locus with respect 


both the number of non-IE re 
to IF (after and with 2-second delay, or before and with 50-second delay). 
Neither main effect was significant, nor was there any evidence of interaction. 
Larré related his null result to the fact that his subjects (who knew that they 
would have some Rs with IF, and some without, and who were instructed to 
held R amplitude constant over the non-IF 


try for the target on all trials) 
only on the R immediately after IF in all 


trials, and changed R amplitude 
treatments. Confusing the R to which IF belonged would hardly matter. The 
ffect, have applied IF,, to any response between 


subjects might, with equal e 
ms warranted if the sources of the 


IF, and IF,. Further investigation see 
trials-delay effect are to be specified. 


Frequency of IF 
Frequency can refer to either relative or absolute numbers of IFs over a 
gation come the statements commonly 


Ces of trials. From their investi 
а) there is no improvement in 


Made of the empirical properties of IF, that ( 
Performance unless IF is introduced; (b) performance improves with IF; and 
; if IF is withdrawn (Thorndike, 1931; Lorge & Thorn- 
Elwell & Grindley, 1938; Lincoln, 1954; Becker 
presentative data demonstrating these 
a good place to raise and dis- 


(c) performance dec 
dike, 1935; Eaton, 1935; 
et aL, 1963). Figure 6 provides re 
Properties on a positioning task. This may be 
miss the question of whether IF is necessary for learning, and whether R- 
Produced kinesthetic cues [sometimes called intrinsic (Annett & Kay, 1957)] 
re ТЕ, Presumably IF can be presented for any sensory channel, and an in- 
Vestigator who claim that he has reduced IF to zero may be wrong. Many 
devices have IF built in, and though more can be added, what one studies 
the nted IF. not the effect of the presence of IF. By our present 
6 ation is IF. 


reby is augme 
definition, on the other hand, not all stimul 

Here IF is labeled a function of the discrepancy between R, and G; and 
Ir means giving the subject either stimuli that are contingent on this differ- 
ence or separate stimuli coding G (an index of the correct R on some scale) 
and R, (E. A. Bilodeau, 1955a; Suppes, 1960; Rouanet & Rosenberg, 1964). 
Response-produced stimulation, important though it is in performance 
(Bahrick, 1957), is not IF unless it satisfies these requirements. 
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Fic. 6. The effects of introducing and withdrawing IF сапу and late in practice. 
Mean error on trials with and without IF. Group 19 had IF on all trials. Group 0 did not 
receive IF until after Trial 20, while IF was withdrawn after Trial 2 for Group 2 and 
Trial 6 for Group 6. The right-hand portion presents the first five trials with IF for 
Groups О and 19, to demonstrate the absence of latent learning. (After E. A. Bilodeau 
etal., 1959). 


The kinesthetic stimulation accompanying a manipulation is not IF unless 
some standard is also provided, or some function of the difference between 
actual and required Rs is expressed kinesthetically. Lincoln (1956) has tried 
both on a handwheel and compared them with verbal IF, The group given 
the kinesthetic standard (handwheel driven at the correct rate for 15 seconds 
after every 15-second trial) was poor and erratic, while the group given 
kinesthetic error (handwheel driven ata rate equal to the mean error in rate on 
As Lincoln em- 


the last trial) stayed very close to the group with verbal IF. 
phasized, the kinesthetic-error treatment also used verbal IF for direction of 
error (which by itself can be as effective as more complete IF), so that the 
difference between the kinesthetic-error and kinesthetic-standard treatments 
has alternative interpretations. 

To the writer it makes sense to maintain that learning in positioning 
means building a scale relationship (or a new scale) between kinesthetic 
stimuli and some other stimuli—meaning perhaps very much what Bahrick, 
Fitts, and Schneider (1955) intend when they refer to using knowledge of 
results to improve the subject’s use of kinesthetic feedback. The subject may 
attach different numbers to different kinesthetic values, translate the kines- 


thetic values into visual extent, auditory intensity, ete. Unless, however, he 
(happily) transfers an old scale that fits the new situation, he needs IF in 
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72 to make the appropriate present transformation — even if he does know, 
lindfolded, that he has moved his arm 23.04 inches and through 11.16° of 
vards of how far they 


are. (In fact, of course, ma 


y people have no idea within 


have moved атп or pencil, and when they do we are more inclined to refer to 
Past overlearning than to present learning based on R-produced cues.) 
Among the immediate flood of questions, problems, and inconsistencies 
that arise in the attempt to narrow down what we mean by IF, its presence, 
and its complete absence, three seem most important. (a) Another investiga- 
tor might include visual, auditory, olfactory, ete., cues that accompany be- 
havior as R-produced, and, by his definition, find learning possible on R- 
Produced feedback. The writer agrees to call these R-produced stimuli, 


ig, smelling, ete., and not 


however, only when we are concerned with seeing, 
When we are studying limb movements. Seeing, smelling, etc, do show 
learning improvements when IF, defined by other external stimuli, is intro- 
duced (Hamilton, 1929: Alluisi & Sidorsky, 1958; Larimer & White, 1964; 
Atkinson & Carterette, 1964; Foley, Lavery, & Abbey, 1964). Vigilance 
behavior, loo, is modified by using other stimuli as IF (Mackworth, 1950; 
Chinn & Alluisi, 1964). (b) Although Lincoln’s study of kinesthetic IF in 
Rndwhee] turning (1956) leaves their effectiveness open to question, there 
ms that kinesthetic stimuli may work. Sulzer (1961), for ex- 


are other el 
imple, put an artificial block on a lever device to stop the response at the 
s without IF aboutas effective 


foal, and found alternating these trials and tri 
as an equal number of standard verbal-IF trials. Blick and Bilodeau (1963), 
On the other hand, gave various directions and amplitudes of guided Rs be- 
tween Positioning trials without finding any evidence of either positive or 
Negative transfer of guided training. [And, does guiding the subject to the 
Roul mean giving Ый IF, a trial of guided practice that transfers to the 
Standard task, or both? The reader is directed to Holding's (1959) discussion 
of 1h and kinesthetic cues in guided tracking. If guided practice removes, or 
ч least limits, IF, the limiting may be more detrimental to complex than to 
Simple tasks.] Elaborate tests of kinesthetic IF possibilities in positioning 
"telis, in brief, can be expected to raise more dispute than they will settle on 
ч short-term basis. (c) Pretraining tuitions can benefit performance — provid- 
Mg one with useful information that is not, strictly, feedback (E. A. Bilodeau 
Bilodeau, 1961). It would be too easy to fall into the paradox of insisting 

t tat the information aspect of IF is what counts, while maintaining that only 
ШЛАК feedback em produce learning. No doubt the benefits of guided 
тосе Would be about equal ina free-R test, ifone guided-training sequence 
is ere Store, — R, and the other R. score ,. This is admitting that, other things 
тШ, the order in which information and R pairs occur may sometimes be 
al, but as the usual order is КУТЕ. information feedback is at least ordi- 


Nari], 
ils necessary, 
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Finally, of course, it is improper to claim that only learning produces 
R modification, or even all reduction in error. Adaptation effects might modify 
the behavior in ways that would lead to consistent error reduction. There 
are examples of improved adjustment to the vertical (Solley, 1956; Pearson 
& Hauty, 1959, 1960), for which the writer can neither specify the IF nor 
offer a satisfactory account in adaptation terms. And in some highly over- 
learned tasks the subject may rely upon previous learning rather than present 
IF to control his Rs: warm-up under these conditions might be mistaken for 
learning. 

The data plotted above in Fig. 6 present one kind of evidence of the effect 
of absolute frequency of IF on performance and learning. (а) With succeed- 
ing IFs, error is progressively reduced toward a minimum value (ie, per- 
formance improves). (b) Residual (learning) benefits are greater when IF is 
withdrawn (paralleling extinction) after the larger number of pretest IFs. 
Any of other numerous tests without IF after some practice with IF can be 
used to make the point that learning does take place in the usual R-IE condi- 
tions of practice (Thorndike, 1931: Lorge & Thorndike, 1935; Lincoln, 1954; 
Annett, 1959; Karlin, 1960; Lavery & Suddon, 1962; Lavery, 1964). Addi- 
tionally, Fig. 6 shows again (Eaton, 1935; Hamilton, 1929) that a first series 
of Rs without IF does not produce latent learning. 

Other data bearing directly upon the influence of IF's absolute frequency 
(total number of Rs followed by IF) and relative frequency (ratio of IFs to 
responses) on learning and performance have been obtained by giving occa- 
sional IFs in a series of responses. In a positioning study in which subjects 
turned a knob, IF was given (fixed ratio) for К, and thereafter for every 
R (100 percent), every third R (33 percent), every fourth R, or every tenth Н 
(E. A. Bilodeau & Bilodeau, 1958a). The total number of Rs was adjusted from 
group to group so that every subject received 10 IFs, The effect of absolute 
frequency is represented in the left half of Fig. 7, where only those Rs 
immediately after an IF are plotted, i.e., absolute number of IFs is constant; 
ariable. With absolute frequency constant, there are no 


relative frequency is 
differences to be attributed to relative frequency, and the experimenters con- 
cluded that absolute frequency was the learning variable, and relative fre- 
quency irrelevant, atleast up toa 10 percent ratio. Part of the data are replotted 
in the right half of Fig. 7 against ordinal number of R, rather than IF, to sup- 
port this view. The 100 percent treatment yields a continuous curve of error 
reduction; the partial IF treatments yield discontinuous, step functions. 
Trials without IF make little change in R (or increase in error), change 
occurring between Rs for which IF is given and the next R in the sequence. 
A later study by Larré (1961), previously discussed under Locus (p. 267). 
allowed IF for every R, every third R, or every seventh R, and verified these 
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lative and absolute frequency of IF. On the left, mean 
error in Rs immediately preceded by IF (absolute frequency constant, relative fre- 
Tueney variable). On the right, mean error in Rs 2-11, breaks in the curves indicating 
IF (relative and absolute frequency iable). (After E. A. Bilodeau & Bilodeau, 1958a). 


Fic. 7, The effects of re 


rformance depends upon relative 


findi к 5 н 
indings. (If number of Rs is constant, ре E 
lative frequency does 


requency of IF; if absolute number of IFs is constant, re 
Not matter.) 
Bourne and Pendleton (1958) in concept identification, and A. Taylor and 
Noble (1962) in selective learning, have varied relative frequency of IF and 
found that R error over a block or series of Rs was greater the fewer the IFs 
Within a block At least in the early stages of the learning tasks so far ex- 
Dlored, there is no evidence that other cues have served as secondary IF, as 
Secondary reinforcement can substitute for primary (Denny, 1946). On the 
Contrary, Rs not followed by IF show either no trend, ora negative trend. The 
absence of secondary єчє may imply a greater success in reducing outside, 
Supplementary cues to a minimum for human than for animal subjects. 

, Roughly analogous techniques in more complex tasks, outside the scope 
9 this chapter, also show losses in proficiency when IF is removed or given 
intermittently (Lincoln 1954; Battig, Voss, & Brogden, 1955b; Poulton, 1957; 
Gordon, 1959). The raada is referred to Chapters 8 (pp. 374-375) and 9 (pp. 
431-433; 472) for coverage of these important tasks and their important 


"*quency.related variables. 

ees outside the scope of the pr 

fno: 1 of all treating frequency an 
= Probability 1 earning, in which frequenc: 


esent chapter is the most extensive body of 
d frequency schedules in human learn- 
y of IF is the direct (and almost 
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sole) concern in a vast experimental literature, and an almost equal theoretical 


literature. Probability learning studies provide some of the clearest illustra- 
tions that IF, usually called reinforcement in this context, is arbitrary, and 
that the dominant R and its degree of dominance depend upon absolute fre- 


quency, relative frequency, and pattern of reinforcement. This crude sum- 


mary, though it suits our present purpose, does gross injustice to the scope of 


probability learning and the precision for which the several mathematical 
models strive. Fortunately the reader can refer to Estes’ recent review and 
Anderson’s comments in Categories of Human Learning (Melton, 1964), and 
to Noble, Chapter 2 (pp. 52-5 
probability and selective learning. 


Augmented IF 


Supplementary, augmented, or extra IF as used here merely means any 
IF added to a standard task, with no intended implication of a distinction 
between IF intrinsic to the task in the sense of being an unavoidable conse- 
quence of responding (say kinesthesis), and IF extrinsic to the task in the 
sense of not being a direct and necessary consequence of responding [a fairly 
common contemporary view; see Annett and Kay (1957) and Fitts (1964), for 
example]. All our IFs are extrinsic in this sense, whether extra or not. For 
example, if IF usually follows R, and a new treatment introduces IF while 
R is in progress, the new treatment has augmented IF; if à similar device 
ordinarily presents visual IF throughout the course of responding, an extra- 
IF treatment might add auditory IF to the visual. From this point of view 
there is no fundamental or natural IF standard, and, further, another name 
might serve the present topic as well as the one used here. With any manipu- 
lation of time, place, or amount, augmented ТЕ could be treated as an IF 
transformation, with reduced IF on the other side of the standard. Or, as 
the major interest in extra IF is what is learned, and as tests for residual 
effects are emphasized, the present section might be relabeled transfer of 
training. 

While it is present, extra IF has been found to improve positioning accu- 
racy, and either to improve (Williams & Briggs, 1962) or to have little effect 
on tracking performance (Archer, Kent, & Mote, 1956). Transfer of training 
is positive, evaluated by the A-B vs. —-B design. The usual question, though, 
is not whether augmented-IF habits transfer to a standard task, but how this 
transfer compares with the benefits of training on the standard. task itself. 
The A-B vs. B-B design is common, with the groups compared on perform- 
ance in Test B; or, in positioning, in the absence of any IF. All three possible 


5) of the present volume, for a comparison of 


bo 


INFORMATION FEEDBACK T5 
transfer outcomes аге on record: (a) test performance worse after training with 
extra IF than after standard IF (Miller, 1953; Karlin, 1960); (b) test perform- 
ance about the same (Stockbridge & Chambers, 1958); and (c) test perform- 
ance better after augmented IF (Smode, 1958). Logically, of course, extra 
IF might have any of these effects, i-e., might (in habit terms alone) (a) serve 
to sustain performance while an interfering habit develops; (b) have an addi- 
effect, establishing an independent habit; or (c) have an 


tive performance 
ibit, by allowing more adequate inter- 


incremental effect on the standard he 
ard IF. Some of the most diverting divergences in ex- 


pretation of the stand 
d in the literature on extra IF. For ex- 


perimenters! opinions can be enjoye 
ample, E. A. Bilodeau (19524) found little residual effect of extra IF in a 
d his findings in habit and cue terms; Smode's 


Standard test, and explaine 
transfer test, and he favors a motiva- 


(1958) differences did carry over to the 


tional interpretation. 


рор. 
Posrrionine Rs 
formance benefits in training from extra 


Studies of positioning Rs show pe 
than from an equal 


IF (Annett, 1959), and less benefit to the standard tas 
amount of standard-task training. The uniformity of the outcomes for posi- 
tioning tasks no doubt reflects the communality of the treatments across 
Studies: a standard task providing IF at the end of the response and an extra- 
IF task giving IF while R is in progress. Much of the work is highly com- 
patible in intent with research on shifts from exteroceptive to proprioceptive 
R control as a function of level of learning in more complex tasks (Bahrick, 
Noble, & Fitts, 1954; Bahrick & Shelly, 1958). Miller (1953) uses learning 
and action feedback for the respective terminal and time-shared treatments. 
The present writer likes action IF, as descriptive of the treatment, but pre- 
fers to substitute terminal for learning IF. In serial, selective learning 
C. E. Noble and Noble (1958) make a comparable distinction between serial 
and terminal IF, depending upon whether the subject gets IF after every 
es of choices; as Fig. 
a kind of delayed or displaced IF, 


5 or only at the end of a seri shows, serial makes 
Or faster learning. Terminal IF represents 


lump-sum (a single index for many components or 


at Course, and may also be 
items), though terminal IF may be 

Transfer tests after action IF 
With action IF (Lincoln, 1954; Anne 
Without any IF, performance after action II 


terminal IF (Lincoln, 1954); and tests under terminal IF show terminal- 
ied (Fox, 1962). But transfer is positive 


and. is an increasing function of the 


given separately for every item. 

is withdrawn show that subjects do learn 
tt, 1959; Levy, 1961; Fox, 1962). In tests 
? is inferior to performance after 


traine: п i 
f tined groups superior to action-trait 
т anti ө > — T 

em action to terminal IF conditions, 


number of preshift action-IF trials (Levy. 1961). Accuracy of responding is 
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constant over action-IF trials, of course, but this does not mean that a dif- 
ferent measure would have no trend; a temporal measure might, also, show 
that transfer from terminal- to action-IF treatments is less than complete. 

The contrast of the terms action and learning IF, though they are not the 
writer's preferred pair, can be readily defended as making the point that much 
of motor learning does not consist in acquiring precise R tendencies, but in 
correcting for present discrepancies between R and G, or, in positioning, 
that the subject will not acquire a precise R unless forced to. This is the same 
point made in tracking studies, where the skill does not involve reproducing 
an exact pattern of Rs, but rapidly correcting error in ongoing behavior—as 
shown by the very high transfer of training betw 
(Battig, Nagel, Voss, & Brogden, 1957). The roles of present error 


n different target patterns 


ignal and 
past practice have been studied in positioning by changing the goal from one 
trial or practice block to the next (E. A. Bilodeau, 1953a; Suppes & Frank- 
mann, 1961), with present error signal of paramount importance. Sulzer (1961) 
has taken a different approach to what is learned in positioning, using the 
lever described in detail in Chapter 7 (p. 320). Sulzer had two kinds of 
terminal IF (verbal score and a mechanical stop to guide the subject to the 
correct position) and tested for place vs. distance learning, asking if the sub- 
ject learned to stop at a certain point or to move his arm through a given are. 
In training, arc and place were constant, but in the test the starting place 
varied slightly. Under Sulzer's conditions, place learning was supported, the 
are varying with change in starting position; this work, of course, needs fol- 
lowing up with modifications to test whether action IFs change what is 
learned. 

We probably also need some demonstrations that not every supplement to 
the standard IF benefits positioning accuracy, though we may wait for these, 
as experimenters are usually reluctant to set about producing null results 
except when very hard pressed. The present course, to vary pattern of alterna- 
tion of terminal, action, and non-IF trials with a view toward determining 
what is learned and whether pattern of alternation can affect phasing of pro- 
prioceptive control, will more likely be pursued. 


TRACKING 


In tracking tasks there are instances of both null and positive effects for 
extra IF while it is present. Where there have been training benefits they 
have sometimes shrunk when the extra IF has been withdrawn, and have 
sometimes remained in a test under standard IF. (The reader is referred to 
Chapter 8, pp. 400, 401, for further review of augmented IF and tracking.) 
There is, thus, some disagreement in interpretation; that is, there are two 


INFORMATION FEEDBACK 277 


points to consider: (a) whether extra on-off target indicators are universally 
effective while they are present, and (b) the residual benefits of a previous 
extra-IF treatment, before the argumen about extra IF as cue, reinforce- 
ment, or motivation begin. [For reviews of the various findings and inter- 
pretations the reader is directed to Smode (1958), E. A. Bilodeau and Bilo- 


deau (1961), and Adams (1964).] Extra IF can probably be redundant beyond 
and be accepted as such re- 


the limits of providing any performance benefit 
gardless of whether the given investigator take 
forcing, or energizing; no one expects limitless benefits from adding to any 
variable. And some studies have failed to find any benefit from the presence 
of an extra IF (Archer & Namikas, 1958; J. Мер. Bilodeau & Rosenquist, 
1964) or even a slightly adverse effect (Archer, Kent, & Mote, 1956). Annett 
and Kay (1957) offer sight vs. touch typing as an example of short-term ad- 
Vantage for augmented IF against long-term advantage for standard training — 
an illustration of the advantages Bahrick et al. (1954) expect when simul- 
sensory channels. 

ed, however, claiming that augmented IF 
that built-in IF is poor is circular, even 
that the learning benefits of extra 
ard task. We need studies 


s IF's role as cuing, rein- 


taneous tasks depend upon separate 

Unless IF is independently scal 
benefits performance to the extent 
if correct, Adams (1964) also makes а case 
usable IF in the stand 
standard IF—along the lines Poulton 
(1957) used to impoverish I to impoverish built-in IF (Kin- 
kade, 1963), or following systems engineering in designing good and poor 
‚ and quantity of extra IF. If subjects per- 
formed on a Standard Two-hand Coordination Test, but gazed at the appara- 
tus through a progressively more opaque glass screen from group to group, 
visual, or other IF should be increasingly bene- 
writer would wager that augmented IF 
ut the screen’s degrading effect on 


IF are dependent upon the 
Varying quality and quantity of the 
F, by using noise 


displays -and variety, quality 


Pa auditory, temperature, 
ficial as the screen darkened. The 
Would have no benefit, however, witho 
built-in IF, The benefits ofa passenger's serving as 
tion likewise depend upon the conditions of the present drive and the de- 
ntion. Under optimal conditions the extra IF 


n dark, storm, and heavy, fast traffic it can be 
by supplementing standard IF 


an extra source of informa- 


Mands upon the driver's atte 


has only annoyance value, but i 
а welcome aid to performance, for example, 
from exit signs. . 

. The Pedestal Sight Manipulation Test (PSMT), a gunnery trainer adapted 
from USAF World War II equipment, is one device that consistently yields 
large performance effects to augmented IF. Three R components are usually 
required. The subject swings the sight head vertically and horizontally to 
an image of an aircraft moving acr 
f the range ring to the size of the tar- 


teen а ni зы aera 
еер a pipper on the nose of а screen, 
a 5 i caeca 
nd turns a knob to adjust a projection © ; 
Sets wings. The factors (division of attention, ambiguity, and contradiction) 
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that make the PSMT particularly susceptible to augmented IF have been dis- 
cussed elsewhere (E. A. Bilodeau & Morin, 1951). R. II. Seashore, Under- 
wood, Berks, and Houston in an unpublished report (Underwood, 1949) began 
the PSMT work by adding a filter to turn the target image red when the sub- 
ator 


ject was on target. As long as it was present, this extra on-target indic 
helped performance, but later studies with various augmenting treatments 
found much of the benefit lost when the filter was removed either in rapid 
alternation of extra- and standard-IF trials or after a block of trials (Houston, 
1947; Morin & Gagné, 1951; E. A. Bilodeau, 1952d; Goldstein & Rittenhouse, 
1954). Further, in an experiment using procedural controls to prevent the sub- 
s learning the idiosyneracies of a particular unit, differences between 


jec 
standard- and extra-IF treatments were shown to grow at the same rate 
whether the extra IF was added early or late, to suggest that the filter de- 
velops a second and independent habit (E. A. Bilodeau, 19524). Some of this 
research was done with an eye on augmented IF for training programs, and 
from the applied position the outcome is far less interesting than from the 
ven the small and diminishing 


pure. Some of the difference in emphasis ¢ 
idual extra benefit of filter treatments also no doubt relates to the applied 


re 
vs. pure emphasis of the different studies. 

Other devices have produced similar training effects probably more posi- 
tive than negative instances = (for example, Hauty & Payne, 1955; Smode, 
1958: Williams & Briggs, 1962; Kinkade, 1963), with residuals present in the 
postshift test under standard IF; a start has been made on studying pattern 
of extra IF, comparing on- and off-target indicators, and identifying variables 
controlling the benefits of augmented IF and transfer to the standard task. 
Combining augmented IF and component analysis also brings out a few 
points. Giving IF for one component of a multidimensional task may not im- 
prove criterion performance by one weighting of components in a composite 
score, but it can affect the profile of component proficiency (A. A. Bilodeau, 
1955b): if relative proficiencies change, then a change in weighting could 
make a component supplement effective indeed. Chinn and Alluisi (1964), 
introducing IF into a vigilance task, have a like demonstration, that both 
what the IF covers (missed signals, correct Rs, false Rs) and the R measure 
(missed signals, false Rs, latency) must be considered in describing IF’s 
effectiveness. 

Clearly, determining both (a) the conditions under which augmenting IF 
affects performance and (b) the variables controlling residual (learning) 
benefits from extra to standard IF are important. Very few investigators have 
looked for more than a difference between a pair of treatments; there are 
not very many experiments of any kind with augmented IF; and there is a 
real need for obtaining relationships between continuous experimental vari- 


ables and performance and learning effects of augmented IF. 


wo 
= 
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IF Transformations 


d that all IF studies could be 


It has already been redundantly stresse 
emains seems suffi- 


treated ; „мй Р - я н 
ted as various kinds of transformations, but what r 
1 displacements, variation in the 


for a trial and in the location of 
From the manipulation of 


cient. These are largely numerical and spatia 
number reported to the subject as his score 
light, pointer, or target follower ona spatial display. 
the contingency of IF on R comes the most direct evidence of IF's important 
empirical property: that R and R change depend upon the magnitude and 
Rate of acquisition or limit of accuracy de- 
as countertraining techniques show 


directi r i А 
rection of error signaled in IF. 


pends upon the error transformation, and, 
(see Fig. 5), IF can be used just as casily to steer the subject away from an 
established R as to establish the R in the first place. Transformations permit 
IF, to varying independently of the value of Ry, an advantage over the usual 
confounded measure of the joint effect of IF and R. 

(a) The relationship of IF, to R, (i.e., 
oring R) is arbitrary, and need be 
To claim that IF is a function of the difference 
R required is to admit that IF can be any 
varied and its effects on behavior 
An obvious illustration is the ex- 
modality and absolute stimulus 


Iwo points are worth noting. 
to the experimenter's measuring and sc 
ME 1: 1, nor even simple. 
кА the R executed and the | 
on of R and that the f itself can be 
Studied—the main interest of this section. 


зегі А А 
Perimenter in choosing sensory 


liens m freedom 
s. For pulling a lever, 
Come by dial and pointer, spoken words, 
the 
also arbitrary. In tracking, the same 


turning a wheel, or pushing a switch, IF may 
EY б, 


or tones through earphones. What 
dial uncl pointer are used, the code for words spoken, which ear will re- 
-— the undershoot signal, etc., are ые TEN E 

"quenee of control movements сап be re d for either compensatory от 
Simple following pursuit. (b) IF, = fiR,) does not mean that the IF is the 
Score re ( various studies below, the scale on which R is meas- 
constant for all treatments. The experi- 
Is (for example, rounds a reading 


squire 


ured (y corded. In the E 

ecorded score, R measure) is 
is recort 
s), but rounds all groups to the same 
, transforming. The IF may be “a hit,” 
t would be taken for the same R ina 
s may well differ from group to 
same 


siat шой in measuring R for h 
toler; 27 inches to 3.13, 3.1, or 3 inche 
ance, measuring R before, not after. 
ы R recorded is the same —13° un 
atment where IF is —13°. Otherwise 
ups act alike 


score 
but get different scores for the 
A. Bilodeau, 1952a, b, 


ыш cither because the gro дар AAT 
Wea va or because the actual behaviors differ (Е. 

‚ 1955а, 1956; I. Мер. Bilodeau, 1965). 
зу to make this se 
one portion 


In positioning it is es oring-performance distinction: In 
track; } s ed | ance disti 
s king where IF transformations are i of the investigation of con- 
tro i г si j 

id their interaction, 


tine i I 
^ watus not built with 


а i з > distinction is also rou- 
ind display variables аз the distinc tion is also rou 
IF transformations in mind, 


ly made. In adapting арра 
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however separating the IF grain from the grain of the R measure is not always 
a matter of course; a change in the size of the rotary pursuit target, say, often 
ne К can accrue time on 


carries with it electronic implications that the 
target in one treatment but not in another. Scoring and R measures need not 
be confounded, but more than simply changing the size of the target disk is 
required (R. В. Ammons, Ammons, & Morgan, 1958). 

Nonetheless, a reference to Chapter 8 by Poulton and Chapter 9 by Smith 
will show that the quantity and variety of IF transformations in continuous 
responding exceed the output for positioning, and will support the present 
contention that tracking transformations can be well thought-out and well 


executed. K. U. Smith and his associates, for example, have studied displaced 
IF of many varieties in continuous responding, measuring R independently 
of its representation to the subject (W. M. Smith, Smith, Stanley, & Harley, 
1956; W. M. Smith, McCrary, & Smith, 1960; K. U. Smith, Wargo, Jones & 
Smith, 1963) — i.e., the R measure is taken from the track of the subject's pencil 
through the maze, not from a photograph of the TV screen that provides IF. 
And most others have varied and measured control and display features with- 
out confounding (Andreas, Finck, Green, Smith, & Spragg, 1959; Battig, 
Nagel, & Brogden, 1955a; Eason, 1963; Fitts & Deininger, 1954; Gordon, 
1959; Hartman & Fitts, 1955; J. R. Simon & Simon, 1959; F. V. Taylor & 
Birmingham, 1948). 

Incidentally, in measuring positioning Rs, it is probably wise to record 
R amplitude (or error) more finely than to two or three categories. The grounds 


ference are much the same as those making time-on-target low in 


for this pre 
the hierarchy of R measures in contemporary tracking research. Though re- 
porting only "hit" or “wrong,” one might score degree of error; the dif- 
ference between a hit and a failure may be far less than between a pair of hits 
or two failures, and the kind of error may be as significant as frequency of 


hits (Dees & Grindley, 1951). 


POSITIONING 

Manipulations of the relation of IF to amplitude of positioning Rs are 
divided into three categories: (a) scale-grain, or discrete, transformations; (b) 
continuous IF-R transformations; and (c) goal variability. Though most of the 
ation have been numerical, there have been some of 
distinction be- 
rthe 


variations in the IF-R rel 
the spatial displacements typical of tracking displays. The 
between spatial and numerical transformations has not been critical unde 


terminal IF treatments so far studied. 


Scale Grain 


The scale-grain or rounding-error treatments are most easily summarize 
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As DE ien е " " . x 
Y is rounded from a score including a fairly precise statment of amount 
an irecti 7 P < А nd 
d direction of error, error increases, but the behavior is not very sensitive 


to coarse г г : en х 1 
coarseness of the scale grain. In any situation in which a continuous scale 


is used, there is some rounding, though the experimenter has the option of 
rounding to the nearest decimal, whole number, multiple of 10, etc. (E. A. 
Bilodeau, 1954, 1956). The experimenter must decide the tolerance (target 
‚ and also the number (coarseness) of 
lation of IF to R value is step- 
.and may not be equal 
ansformations 


size) he will allow in signaling a hit 
the other possible IF values. In any case, the re 
Wise and discrete, though the size of the steps may vary, 
Over the entire range. Figure 8 presents several scale-grain tr, 
oF IF to R scale in which the tolerance about target center is kept constant; 

they might also be used in posi- 


though they were used ina tracking study, 
(A); intermediate, and with a smaller step 


tioning, The steps may be unequal 
about target center (B); uniform and small (C); continuous, or nearly so (D); 
nt that may be desired. The R-scale, or true-error 
error displayed to the subject. 

d that amount and direc- 


Or any size and arrangeme 
Measure, of course, is unaffected by the 
1932) early demonstrate! 
"right" and "wrong" only. Rounding IF 
« a micrometer knob, С = eight full 


1 turning 
multiple of 5, 10,... 50 units, E. A. 


flects fur rounding errors only 


бын o nie and Cason ( 
er of error had more effect than 
error reported to the subject i 
turns, or 200 units) to the nearest unit, 
Bilodeau and Rosenbach (1953) found adverse е 
Carly in practice, and only for ste ervals of 40 and 50 units. Data from the 
PAID task m À a micrometer knob without visual cues), from an unpub- 
lished study by the writer can serve to illustrate both the effect and lack of 
effec Eran? ents. One group received magnitude and direction of 
г) only, and the third direction (D) only. All 
his case, as MD, while M lagged. One 
fine IF to the limit to produce 


p int 


err t of extreme treatm 
w (MD), another magnitude (M) 
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Сап c сату re 
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this: = 
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Fic. 8. IF transformations. Displayed error as a function of R error, with target size 


[S еа 
?nstant. (After Hunt, 1961). 
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Continuous Transformations 
Target size or the range of Rs signaled correct disappears as a separate 


ale grain, r.e., 


topic in the present treatment. Target size falls partly under sc; 
transformations in which either the size of the plateau at G and the number 
of other steps vary, or only Rs reported as hits are transformed [functions such 
as (D) in Fig. 8]. It also comes partly under reduced-error (RE) treatment 
(E. A. Bilodeau, 1955), an example of which is shown in the insert of Fig. 9, 


with its related opposite, an IE (increased-error) treatment. The latter has 


one discontinuity in the IF scale, but is included as à continuous transforma- 


tion anyway. In an RE treatment IF is expressed as 


ТЕ, = (R., D & (3) 
When (А, = G) 2 k, 

IF = IR, Сб) + K (4) 
when (R, — G) = K, and 

IF = 0 (5) 

when (R, = G)| SK. 
and in an IE treatment as 

IF, = (А, — С) + К, (6) 
when R, = С, and 

IE, = (R, — С) K. (7) 


when R, = С. 


In RE, thus, several different Rs will yield the signal of 0 error, and any error 


signal is reduced by up to k units, while in ТЕ, no R can be signaled a hit, and 


IF exaggerates any R error. 

Perhaps the best demonstration of the consequences of inflating and re- 
ducing error is the data plotted in the left portion of Fig. 9, showing error in 
= 200) for size and direction of error 


turning an unseen micrometer knob (G 
20 (20 percent of G ampli- 


transformation. With transformations up to k 
tude, in target width), neither treatment affects absolute error, but both func- 
tions are positively accelerated and accuracy declines with further distortion, 
particularly for RE treatments. The variance data, in the right half of F 
are more interesting than the means. The estimated o? (of average R on the 


ig. 9. 


last three trials) between subjects (est. ор) is a sensitive measure of RE, bv 
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mur transformations Ме: 
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r E. А. Bilodeau, 1955а). 


vari Fic. 9. Increased- and decreased-c 
5 as functions of magnitude of th 
2) transformations shown in the insert. (Afte 


of the estimated о? of the subjects-by- 


e is true 
excellent sense. A larger target tol- 


mine to IE, while the теу 
trials interaction (est. o” , r). Both make 
ane allows individual subjects to develop 
Correct” for almost anything, which may by ¢ 
Subject to subject; cmd: 08 IF signals "correct, * any subject has no reason to 
change his R ban trial to trial (little ST interaction). A big IE constant, on 
rrors and R repetition; IE always 


es both constant е 
in behavior from R, to R., is appropriate, 


sign of the R error is appropriate. 
over fairly extreme RE trans- 
d that generalized R 


constant errors —the IF signals 
hance be almost any R from 


ы other hand, discourag 
eee IF, to which a change 

» Moreover, to which a change 
nsitivity to target size 
it has been propose! 
an R that has been called correct) 


essentially equivalent accuracy for different 
RE treatments (Е. A. Bilodeau, 1954). Reasoning that the summation might 
not work to the same advantage if a different R were required on every trial, 
the writer tried and failed, in an unpublished experiment on the same lever, 
to show an interaction of two RE va and constant (C) vs. variable (V) 
goals over trials. The V subjects were al to try for on each trial. 
Bit subjects had the same goal on seein aime 
p ig the goals used for the V subjects, so that all goals were represented 
in both C and V treatments on every trial. Treatment V had about twice the 
goal assigned) of Group C at the end 


mean ; : 
af àn absolute error (deviation from the 
the 13 trials, but size of RE (0 or 3°) had no effect on either V or C treatments. 


in the 
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lues 
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Other transformations combine both continuity of IF = ДА) and constant 
target size. Examples in turning a micrometer knob are linear transformations, 
IF = mR + b, in which IF (reported score) increases with R magnitude, with 


G constant and slope (m) and IF intercept (b) covarying (E. A. Bilodeau, 


1953b); the curvilinear transformation, IF = aR", that C. E. Noble and Brous- 
sard (19% 
(1959) positive and complementary negative linear transformations (IF = 
= тА + b). The data in Fig. 10 well illustrate the effects of linear transforma- 


) used to hold intercept constant as slope varied; and Schums 


tions on R accuracy and rate of acquisition; for either of two goals, rate of 


approach to the limit is affected by the transformation IF = mX + b, very little 
by the value of G. Though countertraining and incentive motivation inter- 
s of data (C. E. Noble & Broussard, 
1955), the nice dependence of the behavior upon the IF is clear. Trial 2 is 
most critical for relating R,,, to IF., as these studies had all subjects try to 


pretations can be offered for the same se 


"make a practice R” of a given amplitude for Ri, in order to reduce the in- 
fluence of В, upon IF,. The effect of magnitude of IF is shown, for example, 
in the r=.70 between IF, and Re, 
R; in a reworking of E. A. Bilodeau's 1953 data; the importance of direction 
of error signaled in IF appears in the decrease in amplitude from R, to Ry 
that Schumsky produced by giving smaller scores for larger Rs. These mi- 
crometer transformations all slowed learning relative to the IF = LOR + 0 


as compared with r= .10 between В, and 
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Fic. 10. Linear transformations and goal magnitude. Slope and intercept have been 
made independent by changing the required amplitude of the goal R. The right-hand 
portion plots error over trials, for goals and transformations. R-error si ales have been 
arbitrarily adjusted to the same scale, percentage error over the obtained range for the 
respective goal magnitudes. (From an unpublished experiment by E. A. Bilodeau, 


1952). 
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arbitrary units, on the first trial of countertraining; 40 units on the second 
countertraining trial; ete. The effect of the first modified IF was to reduce 
R, of countertraining (Rg in Fig. 5) by something less than 20 units; further 
trials continued to reduce R amplitude. Two points, however, should be 
noted. (a) The subjects did not anticipate the next modification in IF, but 
corrected for the last change in the error signal. (b) The subjects under- 
corrected, even when scored for following, rather than anticipating, IF 
changes. That is, while IF, = 180 — 20n on the nth countertraining trial, А, 
approximated 180 — 15(n —1), rather than either 180 — 20n or 180 — 20(n J). 

Tackaberry (1959) used the same apparatus with much the same results 
in shifting IF by 10 arbitrary units (1.5°) per trial after various numbers of 
acquisition trials. Overlearned groups (12 or more training trials) decreased 
R amplitude over fifteen successive countertraining trials. Again, the subjects 
did not anticipate the next shift in IF in order to receive "a hit"; they did, 
however, in Tackaberry's study, average a drop of 10 units per trial over the 
countertraining session. 

Rosenberg has used a very attractive apparatus to test properties of his 
linear, stochastic, feedback model, in both single-subject and dyadic social 
situations (1962, 1963). The subject turns a knob to control the horizontal 
position of a pipper on an oscilloscope, while the experimenter or another 
subject controls vertical input; terminal IF, amount and direction of error, 
can be read relative to a diagonal line across the face of the scope. Rosen- 
berg has stressed much the same point that is made in continuous IF trans- 
rly in the countertraining studies that R 


formations, and appears so cle 
change is controlled by the reported difference between required and ob- 
tained Rs. Varying the goal from trial to trial according to a normal distribu- 
tion, Rosenberg (1963) found good agreement between sampling distribution 
ge within-subject variance, 


of goal values and distribution of Rs. The ave 


presented in Fig. 11, shows the effect of the variance of the sampling distribu- 
tion of goal magnitudes upon the change in R amplitude from trial to trial. 

Suppes and Frankmann (1961), testing a different model with another 
good apparatus, had their subjects guess (R) the goal location on the circum- 
ference of a circle of small or large diameter. After he chose, the subject Was 
then shown the goal (required R) for that trial. Again obtained and predictec 
distributions agreed very closely. 

Two other studies in which instructions made no mention of goal 
(E. A. Bilodeau, 1952c, 1953a) show the effects of systematic, су clical, та 


shifts 
athe” 


ү ^ rR anc 

then random, goal changes, and make, also, a trial-by-trial treatment of Rat 
ing а 
senting * 


R change. The apparatus was a lever combined with a display pre i 
arge 


; a single t 
952c). 
sh the 


column of target lights and a matching column of R lights 
light was used on all trials. In the first experiment (E. A, Bilodeau, 1 
subjects alternated over five-trial blocks between treatments in whic 
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Variance 


LL . 


0 3 6 9 
10-Trial blocks 
: Fic. 11. R variability with variability in the sampling distribution of goal mag- 
nitudes. Average within-subject variance over trials. (After Rosenberg, 1963). 


R display showed f, = R and f; = R+ k; that is, in alternate blocks, a constant 
was added and the R light signaled a pull longer or shorter than the R signal 
for the other f. Both direction and magnitude of the constant error (or goal 
In unmodified blocks, all groups approached the com- 
1odified blocks they diverged. Undershoot 
in proportion to the size of the error 


Shift) proved effective. 
mon lever placement, and in n 


signals produced increased amplitude, 
signal; overshoot signals produced proportional decreases in R. The subjects 


gave very little indication of learning-to-learn; the amount of R shift with 
shift from one goal to another was more related to R, and IF, than to the 
ordinal number of the cycle. The second experiment (E. A. Bilodeau, 1953a) 
varied the number of trials in a cycle. Again, with each goal shift, R ampli- 
tude changed, but not enough for a hit signal; as trials in the new block con- 
tinued, obtained Rs more closely approximated the new required R. When the 

the subjects adopted a compro- 


required R changed in a single-trial cycle 
mise position, tending toward an R halfway between the alternately required 
Bs, with decreasing between-trial variability over trials. Something of the 
Same sort appeared even in the behavior of groups with 2-, 4-, 6-, and 8-trial 
Cycles; their final R in each cycle showed slight trends (damping) toward the 
intermediate R over successive In a two-choice situation, subjects 
will be influenced by the relative probabilities of the choices’ being correct 
toward a probability-matching solution (Estes, 1964). But when a compro- 
1 sible, it is taken, and it is apparently taken to mini- 
discrepancies between required and re- 


cycles. 


SE in R amplitude is po 
mize the frequency of very large 
Ported Rs (E. A. Bilodeau, 19534). 


TRACKING 
d full-scale transformations have been 


In tracking tas 
studied, as well as interaction with variation in R characteristics. Goal al- 


ile-grain an 
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ternation does not make much sense; the required control position varies 
throughout a trial of either compensatory or following tacking. Though 
changing the tracking pattern has been studied — for example, by Battig et al. 
(1957) this does not seem to be as analogous a manipulation as introducing 
noise into the display (Howell & Briggs, 1959). Some comparable: trans- 
formations affect tracking much as they affect positioning. Scale-grain trans- 
formations combine features of discontinuity and lag, and are detrimental 
to performance (McConnell & Shelly, 1960). Hunt (1961) has reported data 
for the functions in Fig. 8, showing that every refinement in the HE reduced 
tracking error, but with diminishing returns, and, further, with less effect 
with increasing practice. Small and moderate target-size changes are of little 
); Eason 


(1963) reports that practice exaggerates the relation between R error and 


consequence, but large targets do change behavior (Green, 197 


target size. That accuracy may not be affected over a fair range of target 
sizes is shown in the lack of residuals of previous target size in transfer 
tests (Gagné & Bilodeau, 1954), though residuals can be produced (Barch, 
1953; I. McD. Bilodeau, 1965). 

The treatment of display features in continuous re 
as IF in positioning, and variations in tracking displays are more meaning- 
fully treated under the usual labels assigned them in the tracking litera- 
ture. (The reader should refer to Chapter 8 for a comprehensive treatment of 
IF transformations in tracking; and to Chapter 9 for à cybernetic treatment of 
temporal and spatial displacements in sensory feedback.) The most obvious 


sponding is as optional 


option, and an important onc, is the choice of compensatory or following 
displays (Hartman & Fitts, 1955; Chernikoff, Birmingham, & 7 wlor, 1955; 
Gordon, 1959; Obermayer, Swartz, & Muckler, 1962). Others are display- 
amplification treatments (Battig ef al., 1955a; Hartman & Fitts, 1955); 
spatial displacement (Rhule & Smith, 1959); temporal delay (van Bergeijk 
& David, 1959); display quickening (Holland & Henson, 1956; Е. V. Taylor, 
1957); noise (Briggs et al., 1957: Siegel & Robinson, 1963) and the noisy 
element (Howell & Briggs, 1959); interrupting the target (Battig et al., 1955b); 
eliminating the follower (Szafran, 1951); and interrupting and eliminating 
target, follower, or both (Poulton, 1957); various display changes, R demands 
constant (Fitts & Simon, 1952; Gordon, 1959); and a number of other varia- 
tions in which display features vary with system dynamics or R requirements 
(Chernikoff & Taylor, 1957) and in a multitude of control-display variations: 
(Garvey & Knowles, 1954; Hartman & Fitts, 1955; Bennett, 1956; Chernikolf 
& LeMay, 1963). The number and effectiveness of these treatments is an 


index of IF's importance in controlling continuous responding. 
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Dr. Ina Bilodeau has provided an exten: review of recent literature 
Dertaining to the effects of variations in informative feedback (IF) on motor- 
skills learning. This work contains not only a fair appraisal of our current 
knowledge but also a sharp focus on some empirical and semitheoretical 
issues which remain to be resolved. The chapter was written, clearly, by an 
expert. Any significant gaps in interpretive distortions in its 
presentation of data, and the like, xist, are not obvious to me. 
Thus, I find the role of critic, taken i nse, a difficult one to 
fulfill. 


For this reason, coupled with the 


its coverage, 
if indeed they e 
n the usual se 


fact that my own expertise in the general 


area of motor learning is next to negligible, I address these remarks primarily 
i rality of conclusions drawn by Dr. Bilodeau. 
In essence I am accepting her invitation (p. 259) to fill in some of the holes. It 
I5, of course, patently impossible to review the remaining literature on IF ina 
few short pages and at a depth comparable with that of Bilodeau's summary. 
My go st. What I hope to indicate, by citing a few current 
ations of the same variable have similar or 
ng situations usually с 
amount to little more than an 
possibilities of suggesting 
ories of learning and (b) 


1 human behavior. 


to questi 
luestions concerning the gene 


ed rns more mode bees 
differ ii are cases where manipu ibs 

ent effects on behavior in learnt 
Outside the area of skills. While my effort may 


intelle : — 
tellectual exercise, it embodies at least the 
ross various саев 


influence of IF от 


onsidered to be 


(a) i 
alt important continuities acr 
Aternati М 8 

native interpretations of the 
ne of the research reported herein were 
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Some General Issues 


A few problems need to be considered — though I hold out no great hope 
of resolving them — before we turn to the available data. First ofall, diens ns 
clear differences in performance requirements between the skills tasks Кой 
viewed by Bilodeau and many of the human-learning tasks which І shall 
discuss. By definition, the emphasis in skills research is on some feet of 
response learning —describable either as an integration of elemental acts into 
some larger functional unit or as the shaping of a rough response with respect 
to an experimenter-defined standard. In other learning situations, the re- 
sponse or responses to be made often already exist in sufficiently well-learned 
form within the subject's behavioral repertoire; the response (or responses) is 
available and the task requires no significant change in its structure. Second 
it is typical of skills experiments to explore the changes in ehara CteTi stios 
of a single response, if we may so define the act of positioning a lever or track- 
ing a target. Subjects usually are not burdened with the necessity to acquire 
; within a single task. On the other 
s explored in many nonskills ex- 


several unique, differentiable behavior 
hand, this in a sense is exactly the proce 
nts. Third, in tasks designed for the study of skills, there usually exist 
or cues, which elicit or in any sense 
cution. The association 


perime 
no experimenter-governed stimuli 
the correct response, prior to response-exe! 
) with discriminable stimulus (or stimuli), which is 
arning situations, is generally 


determine 
of response (or responses 
the event of fundamental interest in many le 
a motor skill. 


not an issue in the acquisition of 
among learning tasks and learn- 


Each of the aforementioned distinctions 
dly artificial and arbitrary. Each can legitimately 


a mistake to assert that response learning is 
archer. As Underwood and others (Underwood 
ingly demonstrated, the response-integration 
ll phases of verbal paired- 


ing experiments is admitte 
be challenged. It would be 
studied only by the skills resea 
& Schulz, 1960) have so convinc 


(e.g., learning to pronounce) or response-re 
appreciable when unfamiliar, hard-to-pronounce, 


associates learning may be : 

or highly similar responses are a part of the task. While it is typical of the 
skills experimenter to study the growth of single habits, surely there is 
nothing to prevent an expansion of tasks to incorporate multiple habits, which 
is probably more characteristic of everyday skilled performance anyway. 
Finally, the distinction between associative and response learning processes 
to be merely a terminological convenience, which 
xternal stimuli controlled by the 


2 


seems, on close scrutiny, 
paration of tasks wherein e 
as guides to proper responding. While 


of learning as a matter of “hooking- 
process is involved in at least 


permits the se 
are or are not present 


f the associative stage 
1o is to deny that the same 


experimenter 
we usually think o 
up" Rs with Ss, wl 


COMMENTS ON INFORMATION FEEDBACK 299 


rning. It seems quite likely, for example, that 
alled continuous act of tracking is essentially 


stimuli exist in the perceptible external 


an associative process wherein the 
or internal environment of the subject, though under somewhat reduced 


experimenter control. 
Thus the task distinctions pointed to in these prefatory remarks are fictions. 


Each in reality arises from a continuum along which it is impossible to draw 
any sharp lines. Still they are convenient fictions for they help in this attempt 
to understand why the effects of a given manipulation of IF may or may not 
be the same in different experiments. Bilodeau has shown how these variables 
hich require the shaping or integration of 
single responses. We shall consider how they affect behavior in multiresponse 
tasks, wherein the responses are more or less well learned to begin with and 
the critical learning resides in unique 4 ;sociations between these responses 
rnal stimuli. 


many facets of response lea 
learning and perfecting the so-ci 


influence performance in tasks W. 


and experimenter-controlled exte 


The Function of IF 


hich refers to some signal occurring after 


Informative feedback is a term W 
ation of the correctness, accuracy, 


orat the time of response, providing an indic: 
ог adequacy of that response. The information contained in the signal is 


necessary for learning and probably also for the maintenance of the response. 
As Bilodeau noted the provision of IF is often intrinsic to a motor task; for 
example, the subject can determine response accuracy in many tracking tasks 
simply by paying attention to the target and his own behavior. For proper 

rever, IF should be extrinsic and controllable by the 


experimental study, how 
experimenter, and Bilodeau was at some pains to show how this control can 
y 


be effected. 
In a positioning t 
sufficient amount of infor! 


a necessary but also probably a 


ask, IF provides not only 
edge a bit, whatever else the 


mation to learn. Or to h 
subject must know, say, 2 “feel” for location or distance, resides within him. 
5 , Say, а 

]ternative responses are possible and asso- 


In other learning tasks, where à 
clearly evident, the necessary and sufficient in- 


formation is spread across two sources, the stimulus, i.e., the preresponse 
ase signal, both of which may be regulated 


signal, and IF, i.e., the postrespor 
by the experimenter. In any paired-associates task, of course, the subject is at 
a loss to learn lacking either the stimulus or the IF signal, even if the required 


In such tasks, we may say that the preliminary 
e to be made on any particular trial and the 
to be made on some later trial(s). 


Ciative processes are more 


response is well known. 
stimulus determines the respons 
IF signal indicates the response 
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This much seems indisputable. A question arises, however, about the 
quences of IF. Bilodeau has drawn the issues 


possibility of additional cons 
clearly: Is it the case that reinforcing (cs, rewarding and punishing) and 
motivating (e.g., activating and arousing) properties are also attributable to 
IF? Any answer to the question will be difficult to defend. The action of 
events which follow a response upon the later behavior of the same organism 
is one of psychology’s persistent problems. My own bias is to stress the 
guiding or informational function of postresponse events. It is difficult for me 
to imagine a drive to which “Right” or “Wrong” spoken by an experimenter 
sertions about a need for 


would appeal, though I am aware of current as 
approval. Further it would seem that a subject carries with him a level of 
motivation or arousal, perhaps supplemented by preliminary "pep-talk" 
instructions, sufficient to the task and that bland periodic reports of response 
accuracy provided by the experimenter produce little or no appreciable 
change in this state of affairs. In most circumstances, then, it seems super- 
fluous to attribute reinforcing or motivating functions to IF. 

But my comments merely express an opinion and are not meant to deny 
that, under certain conditions, IF may in fact carry reinforcing or motivating 
components. Hillix and Marx (1960), for example, were able to show some 
slight effect of “Right” signals following correct responses in multiple choice 
learning tasks over and above that which could be accounted for by their 
sheer informational content. It is, however, interesting to note that the bene- 
ficial effect of this "reward" appeared in performance on a transfer task; in 
performance was actually affected adversely. In another 


original learning, 
study, Wilkinson (1961) showed that the deleterious effect of sleep loss on 
performance in a multiresponse reaction time task can be overcome by 
supplying augmented IF and interpreted the result in terms of the arousal or 
motivational properties of IF. These studies, however, provide little reason 
to alter my original position. The reinforcing function of typical IF is at best 
minimal and even may have consequences opposite to those usually sup- 
posed. The motivating function appears to be important only in those extreme 
circumstances which conduce to a low level of “natural” arousal. And, in any 
case, the informational content of IF signals appears crucial to learning and 
performance. 

One final issue bears brief consideration. I have asserted that IF signals 
carry potential or usable information. It seems reasonable to ask what the 
nature of that information is and how it operates to affect behavior. This is 
another complicated question for which no single answer suffices in all cases. 
Two points are relevant, however. The first is contained in a distinction 
drawn by Annett and Kay (1957) between knowledge of results and knowl- 


edge of the correct response. Typically, the postresponse signal supplied by 
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an experimenter indexes (a) something about the response that should have 
been made and (b) the departure of the actual response from it. Are both 
spect the answer depends on 


kinds of information necessary to learning? I s 
the extent to which there exist stimuli intrinsic to the tas 
provide type b information. But the correctness of this assumption is difficult 


which themselves 


to assess for lack of convenient experimental techniques for separating the 
types of information, Studies of guided practice hold some promise in this 
ssed though not totally convinced by the 


respect, however, and I am impre 
results of Holding (1959), who compared the acquisition of pursuit tracking 
performance. in groups which were given normal and guided practice on 
several preliminary practice trials. Holding reports that full guidance, with 
arget and holding the mechanically moving con- 


trol, produced as much learning as normal practice. Because the automatic 


tracking device was perfect, no error (departure from correct response) was 
fed back to the subject during guided trials. Rather the feedback (if we may 
ned information only about the correct 


the subject observing the t 


call it that) during guidance contai 
response. The fact that performance on later trials was the same for guidance 
and normal practice groups led the author to conclude that knowledge of 
correct response is necessary for skills acquisition and that knowledge of 
) is merely incidental. The generality of this conclusion may 
2 minutes of preliminary guidance 
xtent to which intrinsic error 


results (or error 
be questioned on the grounds that (a) only 


OY normal practice was provided and (b) the е 
task is indeterminate. However, results do 


information is provided by the 
of information about the correct response 


seem to point up the sufficiency 


under some circumstances. 

The second point relates to the cite 
which constitutes performance on any trial in a Те 
IF has the three empirical properties listed by Bilodeau, viz., R strengthen- 
ing, R sustaining, and error eliminating. But how are these effects accom- 
plished? This question, like others we have raised, is the subject of con- 
siderable current debate. There are 
ngthen associations between (external or 
rt responses. But it has become 


of action of IF on the behavioral chain 
arning task. It is clear that 


those who would argue forcefully that 


IF operates to establish and stre 
stimuli and ove 


response-produced internal) dre : 
e or associative strengthening as 


Popular in recent times to speak of respons 
an indirect consequence of the effect of IF on some tine hypothesis. 
Or mediating stimulus-response connection. established within a subject. 
1 ness in both positions. When the response 
xists only in unimproved form in the 


There is a degree of reasonable 


demanded by the task does not exist or е 
subjects repertoire of behaviors, it is difficult to imagine the formation of any 


relevant hypotheses about action. On the other hand, there is, as we've noted, 


а large class of learning situations for which the responses exist in highly 
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integrated form at the outset and in which the goal is to learn to make a re- 
sponse "on cue." Here a convincing case can be developed for the importance 
of mediational events or internal hypotheses. The conclusion that seems 
inescapable, if the preceding hunches have any validity, is that the develop- 
ment of hypotheses is somehow tied to or a product of the acquisition of re- 
sponses (and, of course, the acquisition of associations). This, as I under- 
stand it, is essentially the position taken recently by Mandler (1962) when he 
suggested the possible establishment within a subject of symbolic analogs of 
overt behavior. While IF and/or reinforcement may act initially to promote, 
associative response strength, they operate in later situations, wherein the 
formerly learned response may or may not be appropriate, on the corre- 
sponding analog or hypothesis. Responding then comes to resemble an all- 
or-none by-product of hypothesis selection and test. The test information is, 
of course, provided by IF. 

We ‘proceed now to a consideration of the effects of variations in IF in 
sure al- 


multiresponse tasks, where the responses are at least in large m 
ready available, and in which the emphasis is upon associating these re- 
sponses with experimenter-regulated stimuli. 


Temporal Locus 


The effects of variation in the timing of critical intratrial events, i.e., 
stimulus, response, and IF, are remarkably consistent across experiments 
using a variety of learning tasks. Bilodeau has reviewed the evidence from 
positioning and some response-selection studies which point to the impor- 


tance of length of interresponse interval and cast serious doubt on the efficacy 
of empty (unfilled) delay between response and IF. In so doing, she dis: 
missed simple trace theories of stimulus (and response) decay and con- 
cluded, cogently, that important processes bound up in performance may take 
place before, during, and after the IF signal ofany trial. She has pointed quite 
reasonably to interpolated activities required by the task or engaged in spon- 
taneously by the subjectas a critical source of interfering (or possibly facilitat- 


ing) intratrial effects. 


CONCEPT IDENTIFICATION 

The influence of short, unfilled delays of IF appears to be negligible both 
in simple skills learning and in some more complicated situations. It has 
already been noted that the degrading effect on concept identification —a 
task which requires the formation of associations between a set of available 
responses and certain features of multidimensional stimuli—originally as- 


m 


буо experiments to explore a broader r: 
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signed to IF delay by Bourne (1957) is an artifact of a failure to control length 
of post-IF interval. In a study in which these factors were varied orthogonally 
(Bourne & Bunderson, 1963), only length of post-IF interval produced a 
reliable change in performance. The latter effect, interestingly, was facilita- 
tive, which led the authors to reject interpretations based on the immediate 
and automatic strengthening property of IF on S-R associations and to specu- 
late about possible conditioning or information-processing operations which 
post-IF interval. It may be recalled that length of inter- 
ay plus post-IF) had adverse effects in some position- 
istencies in 


may persist into the 
response interval (del 
ing studies reported by Bilodeau, which suggests possible incons 
inconsistency, however, seems 


results across experiments. One source of the 
reasonably well identified in the work of Weinberg, Guy, and Tupper (1964). 
mentioned investigations dealt 
with nonoverlapping ranges of post-IF intervals. Durations used in the con- 
cept identification studies were less than 9 seconds while in motor-skills 
experiments, the same intervals were never less than 8 seconds. The data of 
Weinberg et al. helped to understand and to unify experimental results by 
showing that an increase of short post-IF intervals from 1 to 5 seconds facili- 
vell as concept identification. They con- 
cluded that, as the length of this interval increases, so does the subject's 
Opportunity to make use of information provided on any trial. Further, they 
argued that intratrial learning in simple motor tasks is effectively complete 
after some short time (approximately 5 seconds) and that, with longer intervals 
Such as those used by Bilodeau and Bilodeau (1958), forgetting may occur. 
The data imply the existence of an optimal post-IF interval for any task, as 
the combined result of simultaneous acquisition and forgetting processes. 

Following up this lead, Bourne, Guy, Dodd, and Justesen (1965) undertook 
ange of post-IF intervals in a concept 
identification task. In the first, they were able to demonstrate an optimal 
interval which, as is shown in Fig. 1, differed in value with task complexity. 
Forsimpler problems, involving the identification of two relevant from among 
three variable stimulus dimensions the optimal interval was approximately 9 
seconds, but for more complex tasks, with two relevant and five irrelevant 
dimensions, the optimum was about 17 seconds. The second study made it 


likely that the degrading effect of lon 


These experimenters noted that the above- 


tates simple motor learning, as V 


ger intervals can be attributed, in part, to 


forgetting. In it, performance under the normal condition, in which neither 
the stimulus nor the IF signal remains for inspection during the post-IF 
interval, was compared with that obtaining for cases in which either the 
Stimulus or the IF signal or both was made available throughout each trial. 
While availability of IF alone had little beneficial influence (suggesting the 
general ineffectiveness of duration of IF in these problems), availability of 
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1. Mean errors to solution of four-response concept identification problems as 


Fic. 
number of irrelevant dimensions, and length 


a joint function of problem difficulty, ic. 
of postfeedback interval. Data from Bourne, Guy, Dodd, and Justesen (1965), E 


the stimulus or (especially) the stimulus and feedback prevented the usual 


deterioration of performance with long post-IF intervals. 
VERBAL LEARNING 
tion, the subject learns a scheme for categorizing 


In concept identific 
The category responses are button. presses— simple, 


geometric designs. 
The effects of manipulating the time characteristics 


well-learned motor acts. 
of critical intratrial events in 
perhaps more complicated, with analogous 
large task differences. In light of this evidence, it 


these problems are quite consistent, though 


variations in motor-learning 


tasks, despite the obvious, 
seems worthwhile to press on, asking whether similarities hold under other 
changes of task features. There are a few studies of verbal learning in which 
al locus of IF has been varied. Jones and Bourne (1964) reported five 
Шешр to replicate the results of 
few 


tempor 
relevant experiments. The first two were 
(1951), which (as Bilodeau has pointed out) are among the 
vidence of an adverse effect of delayed IF on human per- 
Saltzman’s procedures were followed as 
The subject’s task was to learn 


Saltzman 
providing strong е 
formance, here in the verbal maze. 
closely as the published description permits. 
ach of six pairs of four-digit numbers was correct and to 


which member of © 
The two replications 


indicate its location, right or left, on each presentation. 
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differed from each other only in that greater emphasis was placed on mem- 
in the second. In the immediate IF condition, 


ng the correct number 
each pair was displayed for 6 seconds, after which the correct answer was 
presented for an additional 6 seconds. For delay, another 6-second unfilled 
interval was introduced between stimulus and IF. The results of these repli- 
tent with Saltzman’s findings. 


cations were virtually identical, but incons 
Errors and trials to criterion were about the same for immediate and delayed 
IF. It is, of course, impossible to rule out completely instructional and other 
procedural factors as sources of the discrepancy between these findings and 
those of Saltzman. For example, Saltzman reported that his subjects engaged 
ert rehearsal of the number pairs during unfilled 


in a noticeable amount of ov. 
intervals whereas there was no evidence of similar activity in the Jones- 
Bourne experiments. If subjects are convinced that memorizing the numbers 


is crucial and concentrate on this task, rehearsal during delays could interfere 


with retention of choice responses and hence result in an over-all perform- 
se, of course, rehearsal of irrelevant responses, not 


ance decrement. In this c: 
delay of IF per se, is the variable affecting performance. 

The third experiment, employing the traditional paired-associates para- 
digm, was patterned. after that of Bourne and Bunderson (1963). Length of 
3. and 6 seconds— was varied ortho- 
al — 0, 3, and 6 seconds. Both stimuli 


delay between stimulus and IF—0, : 
gonally with length of the post-IF interv: 
's were difficult-to-pronounce, low: 
wood & Schulz, 1960). The time intervals were unfilled; the subject re- 
sponded by spelling the response term; and IF appeared in the form of the 
correct S-R pairing, henceforth called the S-R mode. Lengthening both 
intervals improved performance to essentially the same reliable degree. 

results, taken in conjunction with those of Saltzman (and the repli- 
) ere are at least three sets of variables underlying the 
e neither been isolated nor systematically 


frequency trigrams (Under- 


and respons 


These 
cations), suggest that th 
effects of delayed IF, which hav 
manipulated in studies of human multiple-response learning. One set in- 
cludes the amount and kind of activity the subject engages in during the 
delay, a point which has been made by Bilodeau. The second relates to the 
form or mode of IF. Strictly speaking, if making an overt response to each 
агу feature for learning, then any unambiguous informa- 
tion on the 1 50 of that response should be maximally elective; Intui- 
tively, however, there seems to be considerably more useful information 
toward the formation of correct associations when IF is provided in the S-R 
mode than when only the correct response the R-only mode is used. For 
one thing, the S-R mode satisfies a basic condition for associative learning by 
Providing contiguity between 
Ekstrand, & Underwood, 1964). Finally 


Stimulus is a ne 


stimulus and response members (Spear, 
there is the question, of some perti- 
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nence to skills research, about the possibility of facilitative effects of IF 
delay on learning in multiple-response tasks wherein the responses are 
difficult, at least at the outset. 

Jones and Bourne reported two further experiments which provide evi- 
dence on the importance of the first two variables. In the first, the effects of 
IF delay were explored under circumstances in which the subject engaged in 
task-relevant activity during the interval. The trials-delay technique de- 
scribed by Bilodeau, which required the subject to respond to other stimuli 
while awaiting feedback on an earlier S-R pair, was used. This procedure has 
important advantages for the study of delay. First, total time per trial is the 
same regardless of delay length and, second, there is no difference in total 
activity per trial, thus obviating the necessity to impose varying amounts of 
irrelevant responding on subjects. The learning materials were hard-to- 
pronounce trigrams and IF appeared in the S-R mode. The results showed a 
mild inhibitory effect of number of responses interpolating between any 
given stimulus (and the subjects response to it) and the appropriate IF 
signal. Noteworthy is the fact that in the extreme, the trials-delay technique 
results in the complete separation of learning (observing a correct S-R pair) 
and performance (responding to a stimulus) properties of the paired-associates 
task. Battig апа Brackett (1961) have found this an easier condition for list- 


learning than the more typical alternation of learning and performance func- 


While the difference was statistically unreliable in the present ex- 


tions. 
lay condition was best. 


periment, performance in the extreme trials-de 
The final experiment in this series was a replication of the preceding, 
except that IF appeared in the R-only mode, i.e., the stimulus was not rein- 
stated by IF. Here the effects were quite dramatic. Performance became in- 
creasingly worse with length of trials delay. 
One additional study undertaken by Jones (1963) fits nicely with the 
ible inter- 


preceding results. It had the primary purpose of exploring pos 
ffects of delay and IF mode in verbal paired-associates learning but 


active e 
length of post-IF interval and in the nature 


also involved variations in the 
of the subject's activity during delay. To summarize briefly, increasing the 
post-IF interval from 0 to 6 seconds improved performance. The delay effect 
varied, however, as a function of IF mode and of interpolated activity. Empty 
6-second delay facilitated performance with the S-R mode but was no different 
from the no-delay condition with the R-only mode. Performance was virtually 
the same with immediate IF for the two modes, but the R-only mode was 
more difficult when IF was delayed. Counting backward during IF delay 
inhibited performance, especially when IF supplied only the correct re- 


sponse without reinstatement of the stimulus. 
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As a whole, these experiments indicate that, in verbal paired-associates 
learning, with difficult responses, delay may facilitate or interfere with per- 
formance depending on (a) the form or mode of IF, and (b) the amount and 
kind of activity the subject engages in during the delay. Facilitation results 
under conditions wherein lengthening the delay (and/or post-IF interval) 
contributes solely or primarily to rest or distribution of practice. Although 
ests are almost unique to these studies, there is 


manipulations of intratrial т 
that they operate any differently from intertrial 


no obvious reason to believe 
intervals. Underwood (1961) has attributed the effects of intertrial distribu- 
it provides for repeated recovery and extinction of 
interfering responses. The longer the intertrial interval, the greater the net 
extinction of interfering responses, yielding superior overall performance. 
It is clear that increasing time within the list (delay and post-IF intervals) 
allows for spontaneous recovery of competing responses in much the same 
en list repetitions and, as we have seen, may 
effects. The effect identified with the post- 
IF interval is, of course, essentially the same as that reported by Bourne and 
Bunderson (1963) and by Weinberg et al. (1964). Although the underlying 
processes may be different in motor skills, concept identification, and verbal 
ed in part with the performance require- 


tion to the opportunity 


Way as increasing the time betwe 
also produce marked facilitative 


learning, being necessarily associat 
ments of these tasks, available evidence now suggests a surprising degree of 


continuity across human-learning situations. 
that these results also are not inconsistent with 


recent studies of short-term memory, à matter which we shall learn more 
about in the next chapter. In general, the introduction of an IF delay ne- 
Cessitates memory of either the stimulus or the subject's response to it, or 
both. The probability of forming a correct association between stimulus and 
у а direct function of the probability of retaining the 
necessary information through the delay. The procedure of the trials-delay 
experiment with R-only IF is particularly noteworthy, for it confounds three 
variables which have: known deleterious effects on short-term memory. 
Specifically, with respect to the retention of any particular stimulus, increas- 
ing delay produces concomitant increases in (a) opportunity for retroactive 
interference from intervening stimuli, responses, and IF signals (Murdock, 
1963); (b) opportunity for proactive interference from previously presented 
items (Keppel & Underwood, 1962); and (c) number of responses to be re- 
called during any test sequence (Lloyd, Reid, & Feallock, 1960). While the 
independent effects of these factors in the data are not assessable, it is to be 
expected that the ease of associative hookup of S-R pairs and therefore final 
mastery of a list will vary with each. The general outcome supports the con- 


We may note in passing 


response members will be 
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tention of Peterson and Peterson (1959) that overall performance in a verbal 


learning task is a function of variables affecting the short-term retention of 


individual items. 


Other Variables 


I have devoted more than a proportional amount of time to temporal locus 
of IF. The remaining variables discussed by Dr. Bilodeau, though no less 
important in their effects on complex behavior, can be treated only briefly. 
My plan is to center these remaining comments on examples from the ex- 
perimental literature, which of course precludes complete coverage or the 
justification of broad generalizations, but has the compensating advantage of 
specificity and precision. 

FREQUENCY ОЕ IF 

There appear to be very few studies of IF frequency outside the areas of 
animal learning, conditioning, and motor skills. There are no investigations, 
analogous to Bilodeau, Bilodeau, and Schumsky (1959), for example, of the 
effects of withdrawing of IF at some point in the trials sequence during multi- 
response associative learning. Indeed, such a study would be of doubtful 
interest when, as is typical of these tas 


s, responses need not be created but 
are simple, well-integrated, and available at the outset. While Bilodeau 
suggests the possible relevance of probability learning, this work really 
appears to be more appropriately placed under the heading of IF transfor- 
mations, for characteristically, IF (though capricious) is available on all 
trials in such a task. 

One type of variation in frequency is of some interest, in light of remarks 
on possible reinforcing effects of IF. The problem arises from a continuing 
concern among researchers about the influence of confirming and infirming 
feedback in associative learning tasks. Buss and Buss (1956) among others 
have compared the efficacy of the following three feedback conditions. (1) 
R-W: The experimenter says “Right” after every correct response made by 
the subject and "Wrong" after every incorrect response. (2) R-N: The experi- 
menter says "Right" after correct responses but nothing after errors. (3) N-W: 
The experimenter says "Wrong" after errors but nothing after 


correct re- 
sponses. Typically, it has been found that performance, measured in trials or 
errors to criterion, is significantly worse with R-N than with R-W and N-W, 
the latter conditions not differing. Reinforcement theory has a difficult time 
with these data unless one agrees with Buss and Buss that “Right” is a much 
weaker positive reinforcer (reward) than “Wrong” is a negative reinforcer 
(punishment). This interpretation assumes that learning in card-sorting tasks 
is predicated on the formation of S-R bonds. An equally plausible account of 
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the data can be developed (Spence, Lair, & Goodstein, 1963) on an a 
tion that subjects test hypotheses in order to arrive at solution. According to 
ion, R-W and N-W lead to faster learning because "Wrong" is a less 
ambiguous form of feedback than "Right." "Wrong" informs the subject that 
ct and leads him to search for and select another. 


for it is possible to make a correct response on 


this posi 


his hypothesis is inco 
iding, 


“Right” may be misl 
the basis of an incorrect hypothesis. 

One critical feature, often overlooked, which distinguishes among R-W, 
R-N, and N-W conditions is frequency of IF. It is common in these experi- 
ments to use tasks in which the number of possible responses is greater than 
four-category Wisconsin Card Sorting Test 


two. For example, Buss used the 
than correct responses 


(WCST). Because by chance errors are more probable 
in these tasks, more trials accompanied by IF are given to subjects in N-W 
than in R-N condition. Even if “Right” and “Wrong” are equally reinforcing 
) or equally informative (which would be my own 
N-W may be superior to R-N for 
I had two students (D. 


(though of opposing value 
preferred way of looking at the problem), 
To explore the question, 


reasons of IF frequency. 
ects in two successive WCST 


Guy and N. Wadsworth) collect data from subj 
problems under the usual R-W, R-N, and N-W conditions plus several others 
as displayed in Fig. 2. The findings were quite clear; trials to criterion were 
fewer in the R-W and N-W groups than in the R-N group. Performance accord- 
as the percentage of error trials and the per- 
accompanied by IF decreased, though the 
more influential variable. However, when 
rof feedback trials to criterion, there were 


ing to this measure got worse 
centage of correct response trials 
percentage of error trials was the 
the total numbe 
es over the whole experiment. The impression left by 
differential reinforcing values or ambiguities in 
lative to frequency of IF. These 


we counted mere 
no significant difference 
these data is that possible 
"Right" and "Wrong" IF are negligible re 
data seem clearly to indicate that solving WCST problems takes, on the 
í r of informed trials, regardless of the correctness of 


average, a certain numbe 
the subject's response. 


Percent "Wrong" 
i60. 25 . 50. 25-0 


Е 
9 400 | R-W | R-N 
ee H 
el 
Е L 
8 
5 © new | 
a 


sorting experiment. Variables are the percentages of (a) 


ils which are 


2. Design of a card- 


correct response trials and (b) error trig accompanied by feedback 
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AUGMENTED IF 

I gather from Bilodeau’s account that augmented IF is effective in im- 
proving skills performance only to the extent that it adds usable information 
to standard (presumably improverished) IF. In contrast to our knowledge 
about other problems of curr 


nt concern, this seems to be a quite logical and 
reasonable state of affairs. I like to think that the same conclusion holds for 
nonskills learning as well, and we have some evidence to that effect in the 
Bourne and Pendleton (1958) experiment which shows that concept identifi- 
cation can be expedited by providing more complete IF on the nature of the 
subject's errors. 

One might liberalize this topic to allow the question: "What happens 
when rewarding or punishing events are combined with neutral IF signals?" 
While we have by no mean: 


settled the issue of possible reinforcement 
effects inherent in any IF signal, it is surely possible to find re 
which can also serve an information-giving function. The 
literature on the effects of monetary and othe 


inforcers 
re is a considerable 
r rewards on human learning 
(e.g., Miller & Estes, 1961), though rather few comparing IF in this form to 
neutral IF. One study by Wallace (1964) which makes such a comparison is 
worth mentioning. Wallace used a concept formation problem in which 
verbalized guesses or hypotheses about the solution were periodically elic- 
ited from subjects. For different groups, a neutral signal (sound) or a de- 
rogating remark from the experimenter accompanied all incorrect hypo- 
theses. The effects were complex, but we need simply note that subjects who 
were punished by the experimenter's verbalized statements offered fewer 
hypotheses and attained solution more quickly than those receiving the non- 
verbal signal. While the two types of feedback contained, as far as can be 
determined, the same information with respect to the subject's behavior, they 
produced reliably different performance levels. As such the dat 


а attest not 
only to the important effects of reinforcement in complex problems but also 


(conceivably) to certain beneficial consequences of IF augme 


nted by rein- 
forcement. 


TRANSFORMATIONS or IF 


It is difficult to think of good examples from nonskills research of the 
equivalent of scale-grain or s "le-distortion. variables discussed by Dr. 
Bilodeau. However, there is a fair amount of work pertinent to the issue of 
goal variability, including the studies of solution shifts in discrimination 
learning and simple concept formation (Kendler & Kendler, 1962) and the 
monumental work on probability learning. I am particularly intrigued with 
the observation of E. A. Bilodeau (1953, reported on p. 287 of the preceding 
chapter) of a tendency toward compromise in response amplitude in a posi- 
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tioning task when either of two amplitudes could be correct on any given 
trial. One might wonder whether the compromise, presumably adopted to 
minimize the frequency of very large discrepancies from IF, might not be 
affected by the probability of the two possible IF signals, as an analog of the 
probability-matching solution might suggest. That is, will the actual response 
given by subjects tend toward an amplitude which is predictable from knowl- 
edge of IF probabilities, being closer to the more frequent signal? I have no 
am unaware of any pertinent data. But 


ready answer to this question for I 
while the mood for raising questions exists, it may also be worth asking about 
the permanency of the subject's adopted compromise in response amplitude. 
In simple concept identification problems, modified to permit the introduc- 
n percentage of misinformative trials, i.e., trials on which 


tion of a cert 
accompany incorrect responses and vice versa, 


correct signals sometimes 
Subjects are known to give up any attempt to out-guess the experimenter and 


to make consistently (maximize?) the response more frequently associated 


with confirming IF (Bourne, 1963). 


Concluding Remarks 


aluation of the role of IF in motor-skills 


Dr. Bilodeau's review and ev 
arifying certain empirical and 


earning serves the important function of cl 
She has provided a firm base from which researchers 


aborate further our understanding 
d to show, mostly through ex- 


theoretical issues. 
interested in this fertile area may work to el 
9f the many problems that remain. I have trie 
amples, that many of the same questions may be asked in situations which 
emphasize facets of behavior other than skills acquisition. There is, I think, 
Surprising continuity in effects of IF variables across tasks. If this is true, we 
have much to learn about learning in general from skills research. But our 


knowledge, though considerable, is far from complete and I trust that many 
oncern ourselves with IF vi riables not only from a 


ariety of learning tasks. 


of us wi ч 
f us will continue to c 
Variety of theoretical viewpoints but also in a v 
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Chapter 7 
Retention’ 


EDWARD A. BILODEAU 
Tulane University 


Historica, COMMENT 
views on memory were based on Ebbinghaus 
(1885) and his successors, including Luh (1922). Improvements on the 
honorable and old tradition of Ebbinghaus seemed desirable. The apparent 
difficulty was that the shape of the curve of forgetting, long thought to be 
well known, was not really well described for human beings. Most modern 
research had dealt with acquisition curves, not retention curves. The field had 
been in doldrums for decades and neit 
ed or re-examined as in the field of acquisition. The 
is that retention fell very fast in verbal learning and that 
d at all in motor learning. There were exceptions to the 
McGeoch (1932) led him to contradict the 
acts are better retained than are verbal ma- 
terials and Hunter (1934) spoke of the failure to recall a motor skill minutes 
d went out of his way to state that there is no one 
dies of forgetting after overlearning ex- 
forgetting occurs in the immedi- 


Until a few years ago my 


ГУ! 
her independent nor dependent vari- 


ables had been evolv 
prevailing opinion wa 
retention hardly faile 
Majority view; data obtained by 
generalization that skilled motor 


after ; А 
after a correct execution an 
c ; 
urve of forgetting. The several stu 
plicitly or implicitly hold that little or no 
ate period thereafter. 
- ч The principal part of this cha ted to a discussion and overview of work 
riginating in the Tulane Laboratory- The data cited result from the processes of mem- 
1959-1964. The work of other 


185 observed in 11,000 subject se sions held during 
aboratories is reviewed where it seems especially relevant, but does not get the 


prominence it deserves. 
The present chapter will be 


pter is devo 


more intelligible if Chapter 6 is read first. 
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Until recently, re 


arch in verbal learning has been fixed upon short- 


riables suggested 50-7 


term memory and given over to the study of 


„ars 
ago. This situation changed rapidly with the work of Peterson and Peterson 
at 59), and Underwood and Postman (1960), who have introduced major new 
techniques and ideas to alter our thinking on portions of the curve for verbal 
materials. Indeed the whole field of memory has now witnessed an explosive 
growth, some of it being reviewed by Melton and others ina special issue of 
the Journal of Verbal Learning and Verbal Behavior ( 1963, pp. 1-119) and in 
other places (Bilodeau & Bilodeau, 1961; Naylor & Briggs, 1961; Bilodeau 
& Levy, 1964; Postman, 196 la, 1964). Important project work employing new 
tasks is being done by a number of productive investigators: Broadbent (1963), 
Bousfield (Bousfield & Puff, 1964), Cofer (1965), Deese (1961), Lloyd (Lloyd 
& Johnston, 1963), Murdock (1963), Reid (Reid, Brackett, & Johnson, 1963), 
Shepard (Shepard & Chang, 1963), Tulving (1964), and Yntema (1963). 
Many recent developments can be traced to Underwood's 1957 review, 


where it was asked why the classical curve in verbal learning fell so fast and 
so far. After making a deduction for the contribution of proaction to the 
amount forgotten, he stated that verbal materials were much less subject to 
forgetting than earlier investigators had indicated. Underwood calculated that, 
instead of forgetting the greater part of a list of words within a few minutes, 
an individual might retain as much as 90 percent after 24 hours. This allow- 
ance for proaction, of course, altered our orientation. toward the classical 
retention curve because most experiments on rote memory (with the ex- 
ception of Tsai, 1927) had used the same subject over and over, Underwood's 
analysis found that repeated use of the same subject can be a methodological 
flaw unless one is interested in the phenomena of proaction for themselves. 
Since most verbal experiments of the earlier era have used this design, their 
data are limited to that use. Subjects who are given many lists to learn develop 
positive transfer in learning; in relearning they do poorly at first (negative 
transfer) and then regain original proficiency rapidly (positive transfer). 

In the area of motor: 


ills learning, it is agreed that most studies have 
failed to find forgetting (for example, Lewis, McAllister, & Adams, 1951; 
Reynolds & Bilodeau, 1952: Battig, Nagel, Voss, & Brogden, 1957; Ammons, 
Farr, Bloch, Neumann, Dey, Marion, & Ammons, 1958; Mengelkoch, Adams, 
& Gainer, 1958; Fleishman & Parker, 1962; Roehrig, 1964). The failures made 
it impossible to determine the variables that produced more or less of it. 
Some has been found recently and now it can be said that there are portions 
of curves in motor learning available for examination and variation. The 
situation is not bright, however, for there is not much evidence in motor 
skills. In verbal learning, there are more data, but their meaning is in serious 
question. 


RETEN 7 
ENTION 317 
60 ~ 
| 
Е | 
T 40 
B | 
a 
c 
5 
Ф 
= | 
| 
гог 
| — — = 
2 4 6 ^r 31 


Days of retention 


sample of a common concave retention curve (data from Ebbinghaus 


ION Curves FOR VERBAL TASKS 


Most of us have been taught that the idealized curve is like the one shown 
g. 1, which is plotted from data collected by Ebbinghaus. Here, a 
ables recalled, based upon relearning, is 


AN. RAM й ] 
sure of savings in number of syll 
tention interval. The curve has a concave 
cordingly, the classical saying is that 


r more slowly. As we have seen 


letti the duration of the те 
arance and looks exponential. Ас 
ly at first, and late 
review suggested that a major portion of the 
acting agents. More recently, Bah- 


Кей proceeds rapid 
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rick He gona to uncontrolled pro 
is ий adis 1965) has added other grave rese 
which , Sou i is the result of seve al factors, оп 
associations weaken in time. 
suring retention, 
and compa 


rvations and states that the shape 
ly one of which is the rate at 


Жы. methods af mer including recall, recognition, 
anticipation, have been devised wed. All have been criticized 
Bahrick the most тес 
oncludes that the entire area suffers from 


jer or another, with E ent and articulate in ques- 
iiia bd meanings. Bahrick c 
ments т апа misundersta 

s, he identifies three sources of trouble 
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indings. In a series of persuasive argu- 
in the measures of retention. 
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ecognition and recall memory, the rec- 
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given equal numbers of training trials. This may explain why recognition 
groups do so well in retention. Another common study uses a transfer design 
which may involve a penalty for a group changing from one method of per- 
forming to another. Here, two groups could be trained with n trials Ьу the 
method of anticipation, but tested for retention under recognition or recall. 
Bahrick warns of the limitations involved when the design calls for changing 
methods from training to test and training each subject to the same criterion 
of performance. 


2. Difficulty of Materials 

Though the foils in multiple choice tests in academic courses are usually 
weak competitors for the correct choice, this need not be so. Bahrick and 
Bahrick (1964) varied the level of difficulty of recognition alternatives and 
found, as they expected, that the easy recognition group was superior to the 
anticipation group, but the difficult recognition group was inferior. Rec- 
ognition is not necessarily easier than other ways of. retrieving events. 


3. Changing Sensitivity of Dichotomous Scores 

In the great majority of researches, the recall of a word is observed or it is 
not, the measure being dichotomous. According to Bahrick, estimates of 
associative strength as measured by anticipation, recall, or recognition will 
necessarily differ among themselves. Further, а measure changes in sensi- 
tivity as association strength changes in time. The measure is insensitive 
while every item is re called, gains in sensitivity with decreases in associative 
strength until half the items pass below the threshold, and decreases in 
sensitivity as additional items pass below the threshold. Bahrick sums this 
up saying, “The slope of the curve doe 


s not directly reflect the amount by 
which a 


ssociations are weakened in time. The 
flects the number of associ 


slope of the curve simply ре” 
ations passing below the threshold per unit of 
time" (Bahrick, 1964, p. 193). Comparing slopes of curves obtained under 
different methods or circumstances is hazardous because at retention time 
(t) the methods may have quite different sensitivities, Even more dangerous 
to interpret are the relative amounts of forge 


tting within measures from one 
period of time to another. 


The panels of Fig. 2 portray Bahrick’s argument for three possible shapes 
of the distribution of associative strength and three positions with respect to 
the threshold of the indicant; the three curves in the lower portion represent 
the resulting forgetting-curve shapes. In another analysis he also showed 
how the variance of the distribution of associative strength in relation to the 
threshold of the indicant produces marked ch 


dichotomous scores. The distinction betw 


i itivity 0 
anges in the sensitivity © 
and as- 

een responses observed and а 
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fore some psychologis à 
ition itself, an error not only in 


strength of associ 
thing equal to another. The 


but also in setting one 
analogous to the 


curve of response with the 
mixing levels of discourse 
e distinction is 
ntion of dichotomous 1 
are actually the associations 


, , ] sarning-performance 
memory-performanc learning-performance 
distinction. In the case of rete 
most reluctant to say that the 


neasures we should be 


events plotted 


themselves 
literature fails to tell us much about 


There are still other reasons why the u 
theoretical curves of forgetting: (1) Much of the older data 


contemporary research design, as a glance at 
ts will illustrate. (2) The duration of rest is not 
Much research is directed to short- 
is difficult to assess by extrapolation. (4) Many 
est, too few to establish a shape. (5) The 
1 very slowly and curves for forgetting 


the observed or the 
amination by 


cannot stand e 


Luh's (1922) section on Subjec 
а variable in most forgetting studies. (3) 
term processes and a shape 
studies make use of two values ofr 
measurement of recall has evolved 
le) events within tria 
ing section. 


component (sing ils are wanting; their importance, how- 
ever, is explicated in the follow 
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Fic. 3. An experimenter's view of the Manual 1 
within the box and а scale for Measuring amplitude 
box (from Bilodeau, Jones, & Levy, 1964). 


А lever 
ever Apparatus showing the le ji 
of lever displacement outside the 


RETENTION Curves ron Moron Tasks 


Figure 3 shows a motor-skills device or lever task for learning a position- 
ing response similar to line drawing. It served fora series of studies on lever- 
ing, to be surveyed in detail below, and must be carefully described. The 
subject reaches into the box when told and moves the lever (blind) through 
several degrees. After the move is completed, the experimenter records the 
amplitude of response, and says something to the subject such аз, "You were 
54 units short of the target," The subject, then, has made one response called 
R, and the experimenter has administered one feedback or one knowledge of 
results which is designated KR. The lever shown in the figure was employed 
extensively for studies of feedback and its effect on learning (E. A. Bilodeau 
& Bilodeau, 1961). АП kinds of numerical and temporal transformations of 
feedback were investigated in a program resembling schedules of reinforce- 
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ment and with much the same objective to see how changes in response de- 


pend upon the conditions of feedback. 
In a series of studies on temporal delay, it was found that the point of 


interpolation of feedback between R, and В; had no effect on learning what- 
soever (E. А. Bilodeau & Bilodeau, 1958). Feedback was delayed by seconds, 
minutes, hours, days, and weeks, and even so, learning was not dependent 
upon its temporal position. Instead it was found that the longer the time 
between R, and Ra, the poorer the learning. To make a long story short, the 


explanation of the poor learning with spaced responses held that subjects 


With long intervals between responses were forgetting some things of im- 
ing forgotten, it was thought. 


Dortance. Three basic events of training were be 
These events were Ву, KR, and also any planned response or response alter- 
of training. So it was thata 


Native (R ?) the subject might have had at the time 
edback turned out to produce some questions on 
as present from the start because 


and “short” and 


project on learning and fe 
memory. A verbal componen 


Motor studies typically use ve 
numbers such as “27” and “54.” These feedbacks are often administered as 
sponse, and indeed, are often quite arbitrary 
lone in order to examine the re- 


In a simple case, for ex- 


t, of course, W 
rbal feedback such as "long" 


ome function of a previous Г 


and preprogrammed. This transformation is € 
sponse associates. 


lationships between KR and its re 
the response error in а task such as the 


ample, a KR of 32 (purporting to be 

lever) should yield a lever displacement different from a KR of 324 and gen- 
erally the foret would produce a smaller movement change the next time. 
There ought to be both levering and numerical associative hierarchies to KR 
— numbers, signs, units, etc. If the reader tends to 


rm with the response term, he should re- 


Whatever its form or code 
make the error of equating the KR te 
fer to Chapter 6 of this volume. 

It was obvious that no one 
that matter, of forgetting the previous response 
Bilodeau, 1961). These three component events О 


confounded, or else left unelaborated in the past. In the s 
9n retention, the subject was asked to do his best at recall, and even overtly 


asked to improve as in relearning; he was notasked to repeat anything such as 
esting him to improve did not set the subject 


attention was paid to introducing special 
ort, on balance most 


about forgetting feedback, or for 
alternative (E. A. Bilodeau & 
fa trial had been ignored, 
indard experiment 


knew much 


ас wads 
component of training. Requ 


the proper task. Furthermore, little 
all environment. In sh 


ard retention study were in common 
arity in procedure may have 


Stimulus associates into the rec 
of the operations characterizing 
With the learning study. The high de 
been a function of the prevailing conception о 
is, one is the inverse of the other. 


a stand: 
gree of simil 
f learning and forgetting, that 
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Ri KR R2 KR, R° 
— Lt 3 
Training Recall 


Critical events of memory 


Fic. 4. Identification of the two major events of a trial of Training and the three 
major events of a trial of Recall (from Bilodeau & Levy, 1964). 


To effect a remedy, the basic events which might be subject to forgetting 

in a standard learning situation were investigated (Bilodeau, Sulzer, & Levy, 
1962). One answer is shown in Fig. 4 where positioning a lever will again 
serve for an illustration of the task. Here, R, is the first and only levering 
response of Training, Ru is the alternative response or the response that the 
subject could make in place of Ri, and KR is the feedback pertaining to Ң or 
to R". For example, if the subject chose to move to one place instead of 
the other of two places he had been previously shown, the move executed 
would be R, and the move not executed would be Ва, When asking for recol- 
lections of training. events, the experimenter should probe for the recall 
events named R,, Ra, and KR,, respectively. The Ry is, naturally, the subjects 
attempt to repeat R,, and is to be performed regardless of KR or KR,; Ry is not 
an attempt to improve upon R, огап attempt to relearn R.. The figure invites 
intertrial and intratrial comparisons and has proved to be extremely useful. 
Learning was looked for in increasing consistency in repeating responses, 
and forgetting in decreasing consistency in repeating responses. 
The general objective in a Series of four major studies involving the use of 
several thousand subjects was to relate the individual events of the recall 
trial to those of the training trial and to each other. There had been little 
direct investigation of these events before, or of the Way to best express the 
relationships among them. Examining Fig. 4 leads one to ask a great number 
of questions. To take just one example: Will the subject's recall of R depend 
more upon (a) the recalled feedback (KR,) or (b) the administered feedback 
(KR). Incidentally, these questions help to show that the present analysis is 
not very task oriented and these remarks are directed as much to memory in 
general as to motor memory in particular, 

The levering data show much forgetting of this simple skill, provided the 
data are examined in the right way. In the past, most analyses of memory 


| RETENTION 323 


could be reduced to the form: There is no difference between the average 
all know that means can remain constant 
stency of scores from one distribution 
ribe the major changes 


scores of Training and Recall. Yet we 


while major changes occur in the consi 
to another. Also, the mean may vary, yet still fail to desc 
occurring within a distribution of scores. Certainly forgetting is a far richer 
ect's averaging fewer responses in reten- 


phenomenon than implied by a subj 


tion than in training. 


Measures of Memory 

Changes between two arrays of scores such as produced by one trial of 
Training and by one trial of Recall can be measured by the mean, variance, and 
lation. One, two, or three of these statistics can change in a total of seven 
we find these seven combinations reduced to one 


at that. To wit, the average amount of 
previously learned. If a subject 


corr 


combinations. Ordinarily, 
and oftentimes the most trivial one 
material recalled is less than the average 1 
correctly anticipates items 1-4 of a 10-item list during Training and items 
5-10 during Recall, his retention score by simple tally exceeds the Training 
is no overlap on the items produced. Though this 
ngs out the paradox ass ociated with counting the 
| сї сап be said to remember more than 


score even though there 
example is extreme, it bri 
events of Training and Recall. The subje 


82 


Part B 


distribution of responses where the subjects 
attempt to repeat their prior responses (R.). Here, forgetting has led to a correlation of 


3 Foreetting һа " aie 
zero, but mean and variance have held constant. In part В, geline h is m т un in. 
crease in sadánes but mean and co Jation have held constant (from Bilodeau & 


Levy, 1964), 


A, B, represents а 


In part 2 


rre 


324 EDWARD A. BILODEAU 


he learned (2 items more) or said to remember nothing (no items of Training 
repeated in Recall). If memory is to be viewed as persistence and forgetting 
as inconsistence, statistics of change and communality ought to be used. 

Figure 5 shows how forgetting may occur without changes in the diese 
In part A, the distribution of the first response of a large number of subjects 
is shown under R,. The distribution labeled Н; represents the attempt of 
each subject separately to repeat Ri. The arrows show what might happen to 
four hypothetical subjects. In short, they do so badly at recalling I that 
the correlation between the two arrays of scores (R. Re) falls to zero. Sóme 
of this change may be attributable to experimental error and some to for- 
getting. By comparing the two distributions of the figure still further, we see 
clearly that the means and variances rem 


ain unchanged and are not sensitive 
to the forgetting taking place. Part B of Fig. 5 represents the case witha change 
of variance, no change in mean, and no ch 


ange in correlation. Here, the sub- 
jects as a group are be 


coming more inconsistent than eve 
means remain the same from Training to Recall, 

The ideas illustrated in Fig. 5 suggest th 
of response consiste 


‚ yet z scores and 


at memory can be treated in terms 
ney. It is for this reason that the more frequent use of 
variance, correlation, or any other statistic which will describe consistency 
and lack of consistency was urged (Bilodeau & Levy, 1964). This recommen- 


dation is easily applied to motor skills where the magnitude of the error of 


6 - week recall 


7 20 
350 i 


400+ 20-min recall Р 
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ч x ter 20 
Fic. 6. Scatter plots showing the deterioration of Re with respect to К, after 20 
minutes and after 6 weeks (after Bilodeau & Levy, 1964). 
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response is calcul: 
is calculated as a matter of course (but I do not know what it means 


for traditi ; 
traditional serial or paired-associates tasks). 


Data 


Figure 6 shows i i 
gure 6 shows how forgetting Ri is measured by plotting the magnitude 


of Ao dS ; г 
К, against the magnitude of Ri. The scatter plot on the left side of Fig. 6 


shows ae 5 x 3 * 

shows forge tting after a 2 0-minute retention interval; the one on the right 
2 gnt, 

k period. In 6 weeks the correla- 


showi i i i 
^ wing greater deterioration, is for a 6-wee 
ion(r) dropped from .74 to .20. 


Figure 7 is one from a numbe 


si W 
imply, “What happens to the variance 
by factors of 4 or 5, 


r of studies of levering. The question is 
of the second response over time?” 


In 6 week ; 
weeks the variances rise and, as usual for levering 
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tions of increasing У riance in the recalled response as a 
after Bilodeau & Levy, 1964). 


Fic. 7. Four illustra 
and other conditions (a 


functi 
action of retention time 
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Knowledge of results administered 


Fic. 8. Knowledge of results recalled (KR,) has be 
results administered (KR) for 60 sul 
represent the subjects who recalled t} 


en plotted against knowledge of 
jects verbalizing а number and a sign. The X's 
1e wrong sign (after Bilodeau et al., 1962). 


the variances take 4 positive acceleration; 
especially well in the fourth pane] 

Figure 8 shows how KR has bee 
The value of r is about .30, showin 
the number administered 


they change in the way shown 
n forgotten 28 days after its administration. 
1g how little there is in common between 
and the number remembered, Forgetting feed- 
back has many aspects, including changing the absolute value, changing the 
sign, recalling the sign but not the number. 
over, the levering recalls are Strongly related to KR,, the recalled feedback. 

Figure 9 is another sample from a number available, The correlations 
between R, and Re remain high and stable 
then plummet, 


>and not responding at all. More- 


for at least 2 days of retention and 


Analyses of consistency of levering from Tr 


raining to Recall have shown 
that individuals become more y 


"ariable over time and that they change posi- 
tion relative to one another. Both of. these changes occur in a lawful way. The 
means also change, but they did not appear to be the most important measure. 

The over-all objective of describing the 
of Training and Recall and between the 


relationships between the events 
events of Recall themselves was 
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ing correlations between the events of Recall 
tention time (from Bilodeau & Levy, 1964). 


ions of deer 
ig value of re! 


Fic. 


-— Three illustra 
and Training with inc 


accomplished, first, under conditions of free recall as described above, then 
Under conditions of modified free recall as will be described in the section on 
Controlled Recall (p. we soon began to stimulate the recall of 
опе event before asking for the recall of another event. The first part of this 


Chapter is devoted to free recall, the second to controlled recall. Now it will 
osely how a given association fares over time. 


эе necess i 
necessary to examine more cl 


Analysis of Shape 


The curves shown in F 


taught to expect from Ebbinghaus ог from learning theory 
lations plotted on the ordinate are not 


ts of memory were 


7 and 9 are not like the ones we have been 
2 Perhaps the 


Teas 1 ei А ее 
‘son is simple; variances and corre 
Common because we have not acted as if the componen 
а facet of Mower 
tcet of response reliability. 
A proper way to set up a retention curve at tọ is to establish the prior con- 
dition of some known degree of response consistency from one moment to 


the next, Having done this, we can begin to phrase our questions better: 


Given a known degree of reliabi ^ 
Second set obtained a short while thereafter, 
ries that the answer i 
ates rapidly. 


lity between one set of responses and a 
| what happens after that? We 
Nothing much happens for 
In other words, forgetting 


lave spe 
Ve seen from the lever se 
awhile Е ; "n 

while, then the relationship deterior 


Proceeds f. Я 
ceeds faster and faster. 


The shape of the curves in Figs- 7 and 9 is unaffected by taking the logarithm of 
nds of the curve could be well seen by eye. 


time. 
©. Logarithms were used so that both е 
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After examining a great deal of lever data, Bilodeau and Levy (1964) 
proposed a two-stage curve of forgetting as one of the curve shapes in reten- 
tion. Looking back at the data plotted in Figs. 7 and 9 we can detect some for- 
getting taking place even before the first retention test. This early forgetting 
was identified as Stage I, and the later, negatively accelerating kind of for- 
getting, as Stage П. Stage II is most unlike the Ebbinghaus curve. In the 
illustration shown in Fig. 10, the intercept (Y) has been fixed at unity (rather 
arbitrarily) so that at to recall is perfect. Recall is perfect in the sense that the 
ratio of the variances for R. / R is unity or that the correlation for Be Ri is 
unity. The communality in va iance (r2) between Training and Recall can be 
estimated from the figure, thereby increasing its у, 

Certain important activities were usually 
and Recall even when the interval w 
released their grip on the lever 


alue. 

interpolated between Training 
as only 3 minutes long. АП subjects 
» moved the resting arm away from the top of 
the lever box, changed foot position, moved out of the room, and moved back 
into position in front of the lever. These events occurred between R, and Re 
and under these circumstances the correlations have been about .70. In an 
earlier study some subjects did not disengage themselves from the training 
environment and these correlations were over .90. It seemed that the acts of 
moving away after R, quickly dropped the correlation about 25 units and 
nearly doubled the variance, an hypothesis later checked out by evaluating 
disengaging and nondisengaging treatments (Boswell & Bilodeau, 1964). 


1.00 г асы Stage 1, onset 
\ 
Stage 2, onset 
„ Neu 
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x 
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Fic. 10. Two stages of forgetting hypothesized by Bilodeau and Levy (1964). i 
longer, solid section is called Stage 2 and is preceded by a brief period called Stage +- 
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Irion (1948) and later Adams (1961) made thorough analyses of the ways in 
which the loss of set could produce the first one of the two portions of reten- 
tion loss. Disengaging the subject could produce (a) responses that inter- 
fere with the recall of R, or (b) change 
used by the subject to reproduce К, more 
sociated with disengagement too 
could be explained as а w 


s in postural and environmental cues 
exactly. If the changes in stimuli 
and responses k rather sudden effect and 
then no more, the first stage 
or as a loss of set. 

Perhaps on occasion the retention сигу! 


I through the action of diseng 
as supposedly happened to Ebbing- 


d use of training material. Data by 
ave bow to be absent when 
ed relatively little 


arm-up phenomenon 


es for rote memory have also been 
dealing with Stage agement or loss of set. Stage 
I might also be deepened by proaction 
haus, who abused himself with the repeate 
Keppel and Underwood (1962) suggest the con 
proaction is a minimum and other data too have indicat 
forgetting in short-term verbal memory when naive subjects are used. 

Stage II is novel and its convexity is in great need of elaboration and 
rationalization. Data supporting the concave Ebbinghaus function are 
generally explained by referring to exponential-like decay processes. This 
explanation is popular and seems natural because so many different kinds of 
data can be fitted by the exponential. Ifthe idea of reliability is used, however, 


the unique naturalness disappears, for there is an attractive way of rationaliz- 
r for Stage I or п. Given that the subject can repeat 


nt to the next, he should be able to repeat nearly 
tition is delayed by an extra moment. Said 
ating a response after an instant is high, 
unusual will happen during a 
; the two instants should 


ing any convexity whethe 
à response from one mome 
às well if the attempt at repe 
bability of repe 
that something 
petition acro 
for the first one. Perhaps the starting 
question of response reliability over 
d but once a day and that no failures 
lure with the 


another way, if the pro 
there is no reason to assume 
second instant. The probability of re 


also be high though somewhat less than 
alogy to the 


starte 
What is the probability of fai 
ater for two days than for one to be 
y should occur in the second day of 


of a car can be used for an an 
intervals t and At. Assume the c 
at starting are ordinarily met with. 
interpolation of one extra day? It is grea 
Sure; the greater increment in probabilit 
layover. 

The above amounts to @ 
proaction or loss of set by the 
Dositive transfer, they have be 
worked into t 
vious prece 
revious events 
there are examp 


ar is 


situation without the deliberate introduction of 
experimenter, or а situation where, because of 
en overcome by the subject. Both retroaction 
his probability model of the second stage 
dent in memory theory to account for 
or of interferences yet to be 
les of effects temporally dis- 


and proaction can be 
even though there is no ob 
the delayed interference of p 
encountered. In other sciences 
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placed from their initial cause. There is the odor trend ofa rotting CHE, а 
process of growth set in motion by earlier events. Only a trifle of updating of 
pro- and retroaction concepts is required and the updating is based on the 
general idea that the probability of the occurrence of interfering events should 
rise in keeping with the e 


ipectation of events randomly distributed in time 
and that the growth of their effect is ogivelike. How this might be set up for 
both proaction and retroaction is described below. 

(1) Proaction: Past experiences can ac 
not necessarily immediately and totally 
corrosively as suggested by conve 


t upon present response reliability, 
as suggested by a concave curve, but 
xity in the curve. The reason might be that 
the probability of proactions or their effects rises in time ina fashion analo- 
gous to the ogivelike accumulation of chance events. 

(2) Retroaction: The effect of new expe 
encies established in the p 
be rather slow and accele 


riences upon response consist- 
ast is not necessarily total and immediate, but can 
rating. The reason might be that the probability of 
encountering retroactions and their effects rise 
to the ogivelike accumulation of chance е 

There are no compelling data to suggest that suggestions 1 and 2 above on 
pro- and retroactions are correct. We can anticipate several different models 
which could account for the various shapes of retention curves now being 
discovered and it is urged that we begin to think about how one might 
account for shapes different from the classical one. The following pages 
take a much closer look at the model of random events and their effects. 


sin time in a fashion analogous 
vents. 


Repeated Recalling 


In the studies considered so far the subject re 
there was no repeated recalling, As much as 6 w 
and R,, but there was no further call for the 
scheduled earlier (say Day 2) 
wonder about the effec 


trieved an event just once; 
eeks intervened between RI 
repetition of R,. If В, had been 
and a third response Ry at 6 Weeks, we might 
t of the earlier retrieval on the later retrieval, i. e., 
R; = /(В,). An elderly subject reminiscing about earlier events may actually 
substitute more recent re alls for the earlier original events. Out in the street 
‚а recollection might be traced to a previous recol- 
lection, to the original event, or even to both, Bilodeau, Jones, and Levy 
(1964) initiated the examination of this substantial question, The matrix of 
intertrial correlations for learning tasks was used as a point of departure. 

Reynolds (1952), Fleishman (1953), Jones (1962) and others have cast up a 
great many matrices for motor-skills learning tasks. These tasks usually 
involved learning to stay on target as with rotary 
summarized and evaluated this literature, 


of rs, the superdiagonal form, is univ 


or in the laboratory, then 


pursuit apparatus. Jones 
concluding that a particular pattern 
ersally observed. In this pattern a trial 
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correlates most strongly with its neighbors, most weakly with the first and last 
trials of the series, and so on, as shown schematically in the upper part of 
Table I. The superdiagonal pattern is obtained under orthodox training pro- 
cedures. That is, the dominant theme for the subject is to obtain a better and 
better score from trial to trial. Especially at first, if the subject were to repeat 
a partial failure of learning. Rather than 


an earlier response, it would imply 
sponse further in order to reduce errors, 


repeating, the task is to change the re 
Toward the end of training, as learning 


to maximize time on target, ete. 
change may be gradually arrested 


approaches its limit, the process of response 
s may be replacing it. Here, then, in the 


and the process of repeating response 
istead of change characterizes the 


ssion repetition ir 
plicated one, for many training periods 
behavior and recall-like 


latter part of a training s 
process. The situation is actually a com 
should be expected to show both acquisition-like 
се also Murdock, 1960; Tulving, 1964). 
be recalled, is the key word for the lever series 
tween the procedure of 


behavior 

Repetition, it should now 
of retention studies. It is import 
repeated recalling (retrieving ог retention testing) and of repeated practice 
ning), the repeated recalling referring to repetitions 
and the repeated practice to a series of im- 
an experiment on the effects of 


ant to distinguish be 


(storing or acquisition trai 
with no improvements required 
provements with no repetitions required. In 
repetition qua repetition (Bilodeau et al., 1964), the subject was instructed to 


repeat the training response (now to be called Ro) not once, but four times. 
The retention intervals for succe ;sive repetitions (called Ri, Ra, Rs, and Ry) 


Were 3 minutes, 20 minutes, 2 days, and 6 weeks, respectively. 
rn of rs is shown in the lower half of Table I, and it was 


hierarchy. Neighboring trials do not correlate 


Che resulting patte 
а curious one, the monotonic 


TABLE 1 


SRN: "t JISITION AND 
Marnix. PATTERNS FOR ACQUISITI 


RrerExTION TRIALS 


Superdiagonal Form 


N. 


x х, 3 ` 
x i ed Lo 
N. 
№ Hi 
Хз 

ч x, 
x ` i Med 
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"Note, for example. № 
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highly, except for the earliest repetitions, and the last two terms of the series 
produce the lowest г. According to Jones (1962), the monotonic hierarchy can- 
not be rationalized in the same way as the superdiagonal pattern. The latter 
he interprets as the product of a process of simplification, That is, progres- 
sively fewer factors are required to explain the variances over a series of learn- 
ing trials. But for the monotonic hierarchy, only one factor is required at the 
ain later attempted repetitions. The 
data showed the one factor to be the recall of R, ( 


gressive dilution was attributed to increasing 


start and less and less of it is used to expl 


note, not Ro) and its pro- 
amounts of accumulating ran- 
it was concluded that the repetition 
inverse of the learning process. The 
repetition process did not appear to be one of unle: 


arning. A study by Barnes 
and Underwood (1959) was also directed to a similar problem, 


The conclusion, it should be noticed, is not directly tested, It is based on 
lever data for à repetition schedule and rotary pursuit data (and the like) for 
an acquisition schedule. It is not certain th 
responsible for the monotonic structure. 
thana well-established principle. The subject of patterns of r seems especially 
promising and the inquiry should start by looking for the training, interpolated 
task, and retrieving variables that change the patterns, One very recent 
experiment (Bilodeau & Blick, 1965) intercorrelated retention trials for verbal 
materials, and here too, the pattern was Monotonic. Since sources of inter 
ference were deliberately inserted into the retention environment, it was 
possible to conclude that progress 
tention process, 
342-345, 

One other finding was of gene 
for succes 


dom variance as discussed earlier. Thus, 
process was neither the same as nor the 


at repetition was the sole variable 
The conclusion is more a conjecture 


ive complications characterized the re- 
This experiment is discussed in greater detail on pages 


ral importance, 
Ive recalls of KR. The KR matrix te 
form; neighboring trials seemed more alike th 
highest rs were between retrievals 3 
materials like numbers (a subj 
four Successive trials) is more 
dominated by accumulating 


this pertaining to the matrix 
nded toward the superdiagonal 
an more separated ones, and the 
and 4. It could be that forgetting verbal 
ect might reca]] 324 as 324, 320, 300, 300 over 
Systematic than for, 
random variance, 


getting levering, which is 


However, not much is known 
and so not much can be explained now, Again we see the need for an ex- 


tensive inquiry where the manipulation of patterns in the matrices for learn- 


ing, relearning, and repetition is the objective, For additional discussion of 
intertrial structures see Jones, рр, 112-127. 


SUMMARY 


Many dependent and independent variables of me 


mory have been neg- 
lected and this has hampered the disco 


very of curve shapes different from 
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the classical one. Until recently, there has been no curve to talk about for 
response repetition, response alternative, or knowledge of results. The 
correlation, and other statistics of change should 
's of measuring forgetting. Thus I have stressed 


tition, and forgetting as 


importance of variance, 


receive more attention as wa 
memory as a question of persistence or response гере 
à question of response change. Kesponse change implies more than is con- 
veyed by a tally of events retained. At least some forgetting seems a process 
different. from learning and attributable to accumulating variance acting 


through proactive and retroactive sources. 


Controlled Recall 


Historicar, Comment 

Tulane Laboratory actually began with lever 
ffects of delay of verbal feedback. This 
equences of infrequent responding 
ong to the domain of forgetting. 
mory came from a desire to make 
Indeed, the 


Research on retention in the 
Positioning experiments and the е 
activity shaded off into studies of the cons 
and infrequent feedback, effects that bel 
An impetus to a series of studies of verbal me 
а demonstration that the lever procedures had verbal analo 
verbal analogs turned out to be so workable that the motor series has been 


Suspended fora while. 

The first strictly verbal investigation was performed in 1958 and is called 
the sweet-ugly study because the two words шее y 
by side for a few seconds on a screen. The subjects were told: “One of these 
tw r selection on your ard." The word written by 
itnessed but not written down was 
as administered when the 


t and ugly were shown side 


9 words is correct, write you 
the subject was defined as Ry; the word w 
defined. as the alternative ог R*. Feedback w is | 
*Xperimenter said, “You chose the correct (or wrong) word." The subject was 


Not instructed to learn or remember sweet, ugly, or correct (or wrong). Five 
rain and asked for the recall of 


Weeks i tied s 
еек later the experimenter appeared ag : . 
cet, ugly, and correct or wrong and found that all were forgotten to some 


extent and that the recall of one was dependent on the recall of the others. 


nt made good use of stimulated recall. Two of 
Training were readministered by the ex- 
as the subject asked for the third 
word sweet and you 


The sweet-ugly experime 
the three events occurring during 
Perimenter during Recall and only t 
“vent. For example, “Five weeks ag 


vere correct, What was the other word?" It w iari ; 
опе event was measured after a reinstatement of the memory for the others. 


an elaborated stimulation methodology is reproduced in 7 II. It shows 
the eight environments where forgetting may be found and these range from 
unstimulated recall (free recall) to completely stimulated recall. Rows 1, 2, 3 


hen wi 
о, you chose the 
is in this way that memory for 
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TABLE II 
A CLASSIFICATION OF THE Роткхтїлї. Types 
oF FoncErrING Sirvations“ 


Event reminded Potential forgetting 
R, KR R, 
R,, KR n^ 
R., RÀ KR 
n Ry, KR 
n, IU, KR 
KR RB 
None Ri, ROKR 
R.. R. KR None 


"After Bilodeau et al. (1962). 


show two events used as stimulators, Rows 4 


Row 7 shows none, and Row 8 shows three. The sweet-ugly study used Rows 
1, 2, 3 of the table for the experimental variable, An earlier experiment (E. A. 
Bilodeau & Bilodeau, 1958) in a motor study used one reminder (KR, Row 6). 
The experimenter said, "When you were here yesterday, I told you that your 
move was low by x units. Now, let's try 
sponse." This instruction to the subject is 
the alternative response. The KR-re 
pearance of a small part of 
section, 


It was thought that the forgetting of one event would bear on the for- 
getting of others. Conversely, the recall of one event (even artificially aided 
recall) would bear on the recall of the others, 
hypothesized, should depend upon the 
events. That is, the associative structure of the stimulus would be the critical 
knowledge on which to base the prediction. 

The evenis R,, R*, and KR probably become weakly interassociated dur- 
ing training for they are in close temporal contiguity. As in learning a list of 
paired associates, there are probably two types of associative processes 
occurring simultaneously; (a) the learning of the events qua events (тет 
sponses or items) and (b) the association between events. With rest there is а 
weakening of both types of learning, If the subject is reminded of one event 
(or two), the remaining event (or events) can be more readily produced, as the 
experimenter takes advantage of (or cues) the 
events, hence the presumption that the ree 


» 5, 6 show one-event stimulation, 


re- 


to improve upon yesterda d 
а reminder of KR and a probe for 
minder design now takes on the ape 
a much larger problem which is the theme of this 


» н ү it Was 
The amount of bearing, it wa 
strength of association betweer 


. : H un у, 
associative connections among 
all of a given event is partly con- 

г : sd E serve to 
tingent on the recall of others. A reminder of Re and of KR would serve t 
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arouse R, because R — R and KR — Re. But an R, is not ordinarily 
elicited in this way. In the typical free recall experiment, events А“ and KR 
ene or precede so explicitly and the ordinary antecedent to В, is 
and not a string of explicit 


do not inter 
merely the experimenter's question "What is Re; 
reminders. Outside of the laboratory, people retrieve information in the 
xtual background. In the laboratory this 


ant than varied, and as a result, infor- 


presence of a great deal of conte: 
background is more often held const 
mation about it is scarce? 
at the controlled use of stimulation during reten- 
tion is in terms of experimental design. This has been stated аз: ... we 
wanted to know what happened when we permitted the forgetting of one 
event and at the same moment the other two were T alled perfectly by each 
and every subject. Obviously, assuring the recall of the other two events is a 
form of holding relevant stimulus variables constant and should be a prized 
form of дайра; Most other experiments permit the subject to forget all, a 
seventh row of the table” (Bilodeau, Sulzer, 
& Levy, 1962). The sweet-ugly study, which reminded of two events, was 
done in the lever context and was patterned after the sweet-ugly procedure 
(Bilodeau, Levy, & Sulzer, 1963a). The response was measured by its ampli- 

: iable quantity. Thus, 


tude, and feedback was also expressed as а number or var 
d in some measurable degree, variance and corre- 


degree of change across rest, and the difficulties 
ihrick, 1964) are avoided. It turned out that 
ociated and this proved to be a short- 


coming, The study is not especially valuable for its data, but contains an ex- 


tended evaluation of stimulation methodology, both motor and verbal. In 
S-R terms were more strongly related and the 


Another way of looking 


design corresponding to the 


the training event is recalle 
lation measures express the 
involved with dichotomies (B: 
R., Ra, and KR were only weakly a: 


subsequent verbal studies our 
effects correspondingly more gratifying. 


uring the retention of R* and KR in more 
analysis of feedback, in particular, 
» often confounded with the response term. 
x-y is exposed after the stimulus term x, y 
it was observed long ago that 


ty of m 


pl shed. The 


“There remains the neces 
Strictly verbal contexts than yet accom 
has been overlooked because feedback i 
In lists of paired ociates, for example, 


bei se 
ing ordinarily considered the response t 
g arily considered the ars ө gen negleete 
serves as a confirmation as well but in fact, its informative aspects had been neglected. 


Information Feedback (and especially his review of his work 

preceding chapter, can be read most profitably, however, to 
e in this neglected field. 

the R, term represents the response from one of 

st. If items 

desirable to observe the forgetting of 

and incorrect) and their inter- 


erm. Indeed, 


Bourne’ 
Ourne's comments on: 
оп fee Ч 

n feedback modes) in the 


s now being made in 


show that progress 

In still another type of expe 
Several alternatives as in a multiple 
taneously, and the subject chose 2. 
the alternatives (X and Y), and of the 
dependencies. 


riment, 
choice te 
it would be 
feedback (correct 


X, Y, Z were presented simul- 
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Recent STUDIES оғ VERBAL STIMULATION 


Since I wish to discuss recent work on verbal retention, I return to ресі 
and ugly. They were selected after much vacillation and finally chosen from 
many word pairs because they are not associated; that is, sweet does not 
ordinarily evoke ugly and ugly does not evoke sweet. The choice of words 
with low interitem associative strength was probably a mistake. On the other 
hand, black and white might have been selected, but they were rejected be- 

cause of high associative strength, and a consequent overly high suscepti- 
bility to reminding, 

If black and white had been used as training items, many subjects with no 
recollection of black plus white might be found a year later. But were the 
experimenter to begin the retention session by saying, “Last year you chose 
‘black,’ what was the other word?”, the response “white” would surely be 
enhanced and memory facilitated. White is the 
associative response to the stimulus black and h 
tion. The task has been changed from the diffic 
of white to the easier one of re 


dominant or primary free- 
as been evoked by stimula- 
ult one of the unaided recall 


cognizing white because the administration of 
the stimulus evoked the associates of black. Вес: 


ause white is the primary 
associate, it stands a good chance of be 


ing recognized as an appropriate re- 
sponse. By ascertaining the strength of the associations between a stimulus 
and its responses we would be in a position to predict occurrences of re- 
sponses with a knowledge of the stimulus. Thi 5 precisely the turn of events 
that ended the search for words to replace Sweet and ugly (and lever studies 
too). The words We wanted were the stimulus 
ociation collected by 
ever, Russell and Jenkins h 
tween their stimulus and re 
calculations in detail, 


and response items of the 
Russell and Jenkins (1954). How- 
ай not processed the strength of ; 
ponse terms sufficie 
let us examine how 
of recall relate to some other mov. 


norms on free as 


isociation be- 
пу. Before going into these 
our efforts at regulating the events 
ements in retention, 

In an extensive review of 50 years ofsvork on rote learning, Underwood 
(1957) said that he would like to see retention studies on the forgetting of a 
single association. His wish came true, for Peterson and Peterson (1959) set 
off a train of studies involving the retention of one nonsense syllable (сос) 
after one trial of training, and the sweet-ugly study initiated a similar series 
of motor studies also involving the limiting case for events and trials. 

Shades of stimulated recall were used by Jenkins and Russell (1952) and 
Bousfield (1953) some time ago. The former broke up pairs of words con- 
sisting of a stimulus and its primary taken from free-association norms and 
trained the subject with both items in randomized order, For example, black 
and white would appear in the same list, but never ; 
was scored for the re-pairing of stimulus and re 


s adjacent items. Recall 
sponse items imposed by the 
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ssociative clustering.” It is as if the recall of one 


subject, or what is called “а 
item served as the stimulus for retrieving an associate, and so, perhaps, it 
could be said that the reorganization at Recall is attributable to the subject's 
providing his own stimulus or reminder (see also Deese, 1959a). Rothkopf 
and Coke (1961) used a similar explanation for the order imposed by the sub- 
ject in the free recall of a large number of words of varying associative inter- 
s been operationally defined, and that is 
clear that a great deal of what a subject 
Conrad & Hille, 1958; 


of variables deal- 


dépendana: а 
lependencies. Free recall has alway 


а good thing, for it has become quite 
just recalled or said ( 


Will recall depends on what he has 
Murde "ck, 1963). Cofer (1965) provides а very recent review 
ing with training materials and how they influence the sequential organiza- 
tion of the materials recalled during free recall. 

| In stimulated recall, the stimulation сап be administered in any number 
of ways, For example, S-R pairs could be split, with the responses used as 
d as memory aids during the retriev- 


liiis атат 
tining items and the stimuli introduce 
that the stimulus is employed 


та period (Bilodeau et al., 19630). Again, note 
during Recall, not during Training. If the right sort of stimulation were used, 
the split-pair procedure could produce enhanced recall. To promote errors, 


stimuli which evoke associates to substitute for the training words, as can be 
could be introduced. These two ideas quickly 


produce facilitation and for other 
search began with an analysis of 
ht that rules of free association 
would retrieve in a stimulated 
association is an elementary 


done in recognition tests, 
Spread into a search for stimulus rules to! 
Stimulus rules to produce interference. The 
ess itself. It was thoug! 
telling whata subject 
the method of free 


the free-association proc 
Would be effective in fore 
recall environment. After all, 
method of memory. 


FREE-ASSOCIATION HIERARCHIES 


A т 
NALYSIS or RussELL-]ENKINS 
vork with nonsense syllables 


For many years experimenters chose to v 
almost without associates (nearly meaning- 


bec: > 

ecause сос? were thought to be Я i 

less), During the 1950's, after Noble's (1952) pioneering work on meaningful- 
i gof nonwords and words took place. These quan- 

s another about verbal learning. Here 


e thing or | 
Postman (1960) frequency hypothesis which 


m considerable scalin 
Hei were used to predict on 
90 came the Underwood and : 
holds that new connections are interfered with as older associates sponta- 
e their place, words in more frequent use 
his point of view finds ready expression 
s where the stimulus and response terms 
of use, but where no special attention 
association between the SandR 
ized the importance of 


neously recover with rest and tak 
pon the most interference. Т' 

Paired-associate learning method 
May be either high or low in frequency 
Паја to the pre-experimental strength of 
terms, Cofer (1958) and Deese (1961) have emphas 
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working with the pre-experimental associative strength between words. 
Garskof and Houston (1964) state that both association strength and asso- 
ciative overlap correlate with recall. Asso i 
associates in common and the frequency. of associates in common. The 
strength of association between S and R is 
levering data and of the sweet-1 
highly successful after suitable 


ciative overlap refers to number of 


at issue in the discussions of the 
ugly study. Research progress was swift and 
quantifications of associative structures of 
stimulus terms (Bilodeau, Fox, & Blick, 1963b; Fox, Blick, & Bilodeau, 
1964). This amounted to obtaining pre-expe 
arousal and using the inform 


trieve in a recall s 


imental information about word 
ation to anticipate what the subject would re- 
sion. 

The Russell-Jenkins (1954) data show all responses given in free asso- 
ciation by 1008 subjects to 100 common words. О 
is schematized at the left side of Table III. The 
called Ri) is the single sponse to the stimulus word, the 
cultural secondary (Rz, not to be confused with a repetition of R, as used in 
the previous section) is the second most frequent response, and Ry to В, 
symbolizes ај] remaining words in the hierarchy. In the illustration on the 
right, chair is the primary and its probability (p) of occurrence was computed 
to be .84. The p of the secondary (food) is 04, and all the words from desk 
to company, taken together, have a p 0. 12. : 

Presenting a word such as table for a stimulus during Recall instead of 
during free association would arouse all responses in the hierarchy weighted 
according to „(R). This would be a good Way of facilitating the retrieval of a 
primary, secondary, or other term in the hierarchy, if one of the terms had 
been exposed just before. If chair or food h 
its recall is enhanced with table 
periment, only second 


ne of their word hierarchies 


cultural primary (now to be 
most frequent те 


as been used as a training item, 
"call environment. In the first ex- 
used for taining material. Therefore, 


in the re 
ary words were 


A Hterarcuy оғ EE-ASSOCI. 


ATION RESPONSES ADAPTED 
FROM Norms or Russer 


AND JENKINS 


General Hlustration 


5. — it, Table —. 


Chair (84) 
R, Food (.04) 
R, Desk (.02) 
R, 


Company GOOL) 
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the stimulated subject was expected to say “food,” when correct, and "chair," 
when incorrect. 
Since it had been decided to use the secondary terms ofthe hierarchies for 


c 
m 
a 
5 
by 
c 
© 
= 
2 
о 
E 
e 
a 
Probability of Ry 
o ; Jationship between p(R) or (Rg) and the 
Fic. 11 шег plot showing the relations 6 : А, ev 
i “ Scatter plot sie kins hierarchies of associative re- 
independent vari in the Russell-Jenkins à 
ent variable, (Ri), in ее a: me rhe " 
Sponses. A 1180 PR T tees in magnitude and reaches a maximum when p(R,) is 
about .35 (after Bilodeau et al- 1963b). 


and food during Training, and later 
food in the presence of the stimulus table. 
s rarchies. Since the subject has been 


*The simplest experiment would expose table 
оп, the subject would be asked to recall — — 
Then we could compare the new and the ole n ше dad) will be an especially 
conta with the secondary word (ood ever ae RR 

rong competitor during recall. This sama 1 17 only response terms were 
decided to leave the stimulus term out beta en am by way of the norms would 
to be used Per ice uh eee the stimulus pelite 5 E 755 с. 
% introduced during recall. We ended up using tv н : D 


^ list. The application of the stimulus 
words per subi mulated the recall for one list. The apt | in 
S per subject and stimulatec нея of both primar and secondaries over 
he proba Б 


on, 


Was « 
'5 supposed to augment t 


those of : 
Ose of a group not so stimulated. 
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training material, it was thought necessary to examine the relationship at 5 
probability of the secondary to tlie probability of the primary. A strong rela- 
tionship between the primaries and secondarie. 
This relation (eta equals .65) can be se 
dots in the lower part of Fig. 11 


5 was quickly discovered. 
en after careful examination of the 100 
> à most important law being found. When 
p(R,) is very low or very high, p(R;) is low, as it must be; when p(R,) is of 
moderate strength, P(R2) reaches its maximum value. The best chance of 
responding with К, is with p(R,) in the neighborhood of .35. A strong and 
necessarily negative relationship between p(R,) 

sponses 3 to n is shown by the 100 dots with tails 
three kinds of words or categories of words stand out in the figure. 

Category А: Low P(R,), low (Re), and high P(R3 „). 

Category B: Moderate (Ri), maximum (Rz), and moderate PRs „). 

Category С: High p(R,), low (Rz), and low D(R, ). 

When used for stimulated recall, Category A words should maximize the 
incidence of responses 3 to n, Category B should produce the most Rys, and 
Category С should produce the most R,s. The mean 
categories are given in Table IV. The categories 
the complex relationships or patte 
use implies the circumstances for 
circumstances for particul 


and the probability of re- 
in Fig. 11. It follows that 


associative ps for the 
are names that represent 
rn among p(R,), (RZ), and pO, „). Their 
retrieval of correct words and also the cir- 
ar kinds of misrecall, 
Current RESEARCH ON STIMULATED VERBAL ReEcaLL 
In the experiment that followed, 
lists of five secondary words made 
20 seconds each and the 
studying the two lists, the subject c. 
interval, then entered the rec. 


the subjects Were trained with two 
up in a booklet. The lists were exposed for 
instructions read, “study the words below.” After 
anceled vowels for а 2-minute retention 
all period, During Recall he was asked to write 


TABLE [v 
RussELL-] ENKINS Normative Pi 


ROBABILITIES OF 
List CarEcony AND P. 


RESPONSE py 
OSITION OF RESPONSE 


IN. HiEnaneny? 


Position in hie 


rarchy 
Category p(R,) p(R;) „ R, ,) 
—— la Е ae " == 
A 14 12 74 
B .32 24 "m 
c T3 05 
“After Bilodeau etal. (1963b). 
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previous lists. It was found that recall with 
voked more responses and led to large 
r of errors. The effect of category was 
e incidence of secondaries from 


down the words of one of the 
stimulation, as opposed to without, е 
differences in the source and characte 


strong, for the stimulation augmented th 
es from Category C, and augmented responses 


ted. The stimulation also led to corre- 
Other List, Blanks, and Importa- 
ation evoked otherwise dormant 
b) that changes in the category of 
ct recall according to word- 
-association probabilities 


Category B, augmented primari 
3 to n from Category A, just as expec 
sponding decreases in intrusions from the 
tions. It was concluded (a) that the stimul 
responses (correct and incorrect ones) and ( 
stimulation varied the type of correct and incorre 
arousal patterns in the language. That is, the free 


of the Minnesota norms classified by category accounted for the trends in an 


experiment involving training and recalling in other people 10 years later. 
s of stimulus words is a way of expressing extra- 
bout response arousal and setting up certain 


cts. Relating the primary, secondary, 
lus in the norms made it possible 
material of Training. A good 
ty were produced, a phenom- 


Using various categorie 
experimental information а 
expectations about their proactive effe 
and all other re а common stimu 
lo employ that stimulus independently of the 


extraexperimental varie 
ostman (1960) and many others have also tried 


sponses to 


many intrusions of an 
enon that Underwood and P 


to demonstrate. А 
Few ог about 4 percent of the many intrusions obtained were from the 
other list, This is about the level of confusion in list membership obtained 
by using any one of many list-building rules. Psychologists, it must be 
admitted, lave not been able to produce much interference between lists 
(Underwood & Postman, 1960; Postman, 1961b). The percent obtained 
Seemed a good place to begin research on the deliberate stimulation of other- 
list intrusions. Blick (1965) undertook the task of making up lists and stimu- 
lation. that would maximize intrusions, his objective being to increase 
them by an order of magnitude. He placed five primary words in List 1, five 
‹ aries in List 2, and five corresponding stimulus words 
ё eceding study, the subject was asked to write 
List 2) he remembered. The logic behind the 
design was that experimental and pre- experimental associative tendencies 
for R, combine strongly and Ri will be more likely retrieved because of the 
" ‚ it could be argued that if 

Converging sources of interference: jy, ito REB А 
; à for Ri is very readily differentia- 


Corresponding second 
9n the Recall page. As in the pr 
down all the secondary words ( 


Alternative 
strong, it might be 
bject will be reluctant to claim it for an Re. 
à primaries were produced instead of the 
ent hand in hand with the tabled 


d primaries for Categories A, B, C, 


the associative tendency 
ted from B, and, hence, the su 

The results showed that many 
Secondaries and the rate of intrusion W 
Value of p(R,). The intrusions of obtaine! 
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were 22, 42, and 56 percent, respectively, showing that intrusions rise with 
increasing strength of association between stimulus 


C words produced 56 percent intrusions, meaning that most of the word 


a finding that should be compared with 
the more usual less than 10 percent rate. Table 


bilities by subject. The number 


and primary. Category 
recalled were from the wrong list— 


V shows the intrusion proba- 
40 at the lower right side means that 40 
percent of the subjects suffered four or five intru 


sions apiece (out of five). As 
a matter of fact, 25 percent of the 


subjects reproduced the wrong list of words 
in its entirety, and had no correct words, no blanks ) 
types of misrecall. This shows that we know how to produce high levels of 
misrecall of known varieties. In effect, Blick has m 
pre-experimental language habits 
we can now understand. Cuing ге 
study the retrieval of stored information, but the promotion of intrusions 
from the other list was a good place to start. The 
similar to Deese’s (1959a, b, 1961) 


.no importations nor other 


ade good use of people's 
as led them to misremember in ways 
call can be 


and h 


varied in several other ways to 


general objectives were 
‚ though he concentrated his attention on 
interitem relationships of the training material and tested for retention by the 
method of free recall (see also Coleman, 1963). 

Up to this point it has been shown that the intrusion rate for primaries 
abetted by exposing both primaries and secondaries a few minutes prior to 
recalling. An experiment with retention interval varied up to 28 days was 
undertaken to determine if increasing rest, but with no exposure 
probability of primar 
aining with Ros raise 
"ys with increasing re 
ite for second 
normal free-associating state. 

Figure 12 show 


is 


to primaries, 
ies (Bilodeau & Blick, 1965)- 
s their probability of occurrence, 
tention interval, р 
ary words as the 


would not also increase the 
Tt was reasoned that tr: 
which then de rimaries (and Ra „s) 
should. substit subjects revert toward. their 


s what happened to recall of Ry over 28 days of retention. 


TABLE V 


Proportion or Sunjkcrs WITH Intrusions 


OF Primary Wonps' 


No. of R, s 
Category 0-1 15 
д 00 
В 23 
5 40 
“After Blick (1965). 
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Log retention time 


28 days with (S) and without 


et words over 
ation (from Bilodeau & 


(А, В, С) of stimul 


R 


Fic. 1 
(NS) 175 12. Retention curves for соп 
Blick, Des stimulation, and three types 


d recall (S) using Categories A, B. 
d to recall of R when 110 
better under stimu- 
and they also for- 


present stimulate 
what happene! 
he subjects did much 
timulated conditions 
] 2 minutes. Just as expected, the 
ieved was made up of an increment in Rus for 
as shown in Table VI. There was no 
ds or of failures to respond even 
answering the stimulus more 
ey fell far short of pro- 


9 9 three curves re 
осше 1 ed ei 
lated 0 : was used. Obviously, ti 
göt жуу en than under the not 5 
deereme With retention periods beyond 
tem ri. correct words retr 

y Cand Ra us for Category А 
ained wort 


Inereaca ; 

dkar eae the number of unexpl 1 
i avs. After 28 days the subjects were 
in. before, but still, th 
es of the curves are too ambiguous to allow 


пий the conclusion that the training 


ike f 

e 

dirci e-associating subjects thi 
18 = = s 
g normative rates. The shap 


for 
T res 
ady extr E 
ly extrapolation, but they do pe 
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TABLE VI 


OBTAINED RESPONSE PROBABILITIES FOR STIMULATED GROUPS 


Retention interval 


Response Category 2 Minutes 20 Minutes 2 Days 28 Days 
p(R2) B КҮ = 
p(R,) G 29 á 
„R n) A 


37 39 


experience with second 


агу words had modified the subject's associativ 
structure for a long time 


to come. This experiment is also valuable for show- 
ing that retention functions rise, remain constant, or fall depending upon the 
type of response measure, use of stimulation or no stimulation, category of 
stimulation, and length of the retention interval. 

Intercorrelations of item analyses based on the probability (p) for correct 
response for each of the 45 words used in the 
not stimulated conditions, the 
Table VII and re 


above experiment, first under 
n under stimulated conditions, are shown in 
present the first deliberate attempt to vary patterns of corre- 
lation from one recall condition to another. The matrix for S is different 
from NS in that (a) all the rs are lower and (b) there is à trend to the rs. The 
pattern for matrix S is monotonic (variat 


а à нЕ 
es spanning greater interyals inte 
correlate more strongly than those 


; š rated in 
Spanning lesser times as elaborated 


TABLE VII 
MATRICES FOR ITEM A 
UNDER Two Conprtions or F 


INTERCORRELA TION NALYSES 
ОЕ p(R;) 


ALL" 


Retention interval 


20 Minutes 2 Days 28 Days 
Not stimulated 
2 Minutes 58 55 62 
20 Minutes — 56 65 
2 Days =s жыр 59 
Stimulated 
2 Minutes 51 40 46 
20 Minutes — 42 44 
2 Days == — 30 


Data from Bilodean & Blick (1965) 
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ТЫЫ 2 сий Jones, 1962) just as discussed at some length on pages 330- 
= 1e previous section. The source of this variance change is the stimuli 
to the retention-test environment and 
cannot be attributed to repeated recalling since there was none. Another poini 
well worth noting is that the amount of variance accounted for at a longer re- 
tention interval by reference to coefficients of previous days is larger than 
is no support for a common view that 
less and less variance is explainable the longer the retention interval and 
as forgetting gets more pronounced there 
ood deal of obtained struc- 


intr " А i ; 
ntroduced by the experimenter in 


for shorter oll: 
or shorter retention intervals. There 


there is no support for the view that 
is less and less to talk about. Instead, there is а g 
ture to explain at the longer intervals. 
Current work in the laboratory at Tulane continues to move ге call upward 

or downward by large amounts. We ing good luck at facilitating the 
recall of a secondary word when the norms show it to be an associate of the 
primary (Fox & Bilodeau, in press). For example, bitter (S; ) evokes sweet (Ri). 
sweet evokes sour, and bitter evokes sour (Rz). Sour is well remembered 
when itis in one list and sweet in the other. Thus, when these interassociations 
rt to secondaries in recall and great facilitation of 
Secondaries is obtained instead of Blick's interference-by-primary phenom- 
enon., In order to do research like this, it is necessary to have a large number 
and we have them from 1000 subjects free-associating 

ed association) to 138 words (Bilodeau & 

es and many laws on 


hundreds of matric 
of inquiry involves assess- 


are hav 


о ud » x 
btain, primaries conve 


of normative networks, 
three. times (method of continu 
Howell, 1965). These norms contain 
associative process and networks. At 
mg an individual's free-associative stru 
ditions of recall so as to move his re all upwa 


nother line 
cture and then arranging the con- 


rd or downward as desired. Here 
dicted and observed utterances of individual sub- 
eriod of free association between Train- 
al groups free associated to 
words. There were 


We are comparing the pre 
Jects. Fox (1964) has interpolated a p 
Ing and Recall. The subjects in the 
stimuli corresponding to the Ras exposed 
strong trends in Recall depending upon the 
associate and the Rz of Trainir another one 


tying to keep the gimmicks at hope to disc 
conditions for which retention by stimulation is better after longer rests than 
shorter ones. Taken as a whole, the studies above all show a stress on asso- 
Ciative processes and networks and are part of a rapidly expanding research 
in the lit 


hown i erature at large. 


experiment 
as training 
correspondence of the free 
ag. In of our investigations, while 
в over that there аге 


a minimum, we 


interect ; ien 
€rest in communication s 


Iv 
{PLICATIONS FoR Motor TASKS 
ice that the stimulus is poorly 


writer more than or 
Jes. This would in turn h 


It has occurred to the ioa i M 
а “a S о 


ident : 
dentified in motor-skills artic 
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wish to work with as 


ociative strength or to relate responses to stimuli in any 
molecular and precise manner. The writer and his colleagues scem to Tua 
made some progress on this difficult problem by identifying R.. R*, and KR as 
the within-trial events to which recall events can be related in some more or 
less precise way. No basic distinction betwee 
made. Rather, the discussion turne 


n motor and verbal events was 


d on expected and obtained response asso- 
ciates of the training events. No S-R hierarchies of associative strength for 
levering responses existed prior to the experiments reported in the section on 
free recall and it was not possible to run word 


strict sense. | 

Melton (1964) believes that control-display (S-R) population stereotypes 
might be employed to test the interference the 
he infers, though his data have 


and levering analogs in апу 


ory of forgetting. For example, 
not yet supported the inference, thata subject 
taught a tracking task under conditions of low control- 


remember more poorly (than if trained unde: 
high preference 


display preference will 
г high preference) when the 
itts (1964) is the prominent figure 
and his S-R compatible-incompatible model for 
nees in space is one kind of 
assessment of associative 
hierarchies, is in its infancy 
future projects, Probably 
5агу to explain much v. 
skilled act. The distinction between the 
thought to involve considerable overlap 
useful (Bilodeau & Levy, 1964; Е 
Learning, Mechanisms of Response, 
emphasize the need to use S-R info 


shows recovery over rest. F 
in the field of stereotypes 
switch-relationship prefere 


associative hierarchy. 
The psychometric structures, except for word-word 
and should be give 


n every consideration in 
‚ à knowledge of seve 


ral hierarchies will be neces- 
ariance for any given circumstance in any complex 
motor and ve 


val domain was always 
and now the distinction is even less 
itts, 1964). Chapters 1, 2, and 6 on Selective 
and Information Feedback, respectively, 

rmation from more than one source and 
show that the motor investigator must include more tr; 
perceptual stimuli and reactions in his pre 
plain more of motor beh 


avior. Alternatively 
several sources must be consulted, only one 


aditional verbal and 
diction equation if he is to ex- 
^ to explain response variances 
of which is motor. 
SuMMary 

The stimulation technique is a broad 


J ing 
and useful method for modifying 
tests of free recall in orde 


r to study the retrieval of stored information. The 
d to other methods already in use. Basically, ге- 
minders have been or can be used during recall when the subject is again 
presented with stimulus, response, and feedback material associated in 
various degree with the events to be retrieved. Re 
used when the environment 


technique is not unrelate 


А — е 
minders have or can b 


Is arranged so that the stimuli and response 
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nd to call out those used during 


occurring during recall will themselves te 
training. The past few years have seen а marked increase in interest in 
associinive structures, their measurement and 
This is especially crue of verbal learning and memory. It is not true of motor 

ciative hierarchies and 


experimental employment. 


learning and memory where normative data on ass 
networks are lacking. Much work lies ahead in comparing free association, 
free recall, and stimulated recall. 
| Until now, S-R variations have been largely confined to periods of train- 
ing and interpolated training because the fashion during the past 60 years 
has been to stress the learning process over the memory process. To exag- 
erate, we have often treated the recall period as if training events were 

of recall stimulation. If we are to make use 
it will be necessary to regulate the S-R 
eniously as we have done 


always spewed out in the absence 
Of i1 » + 
Ға more complete S-R psychology, 


environment of the recall period as fully and as ing 
and then to examine the structure of the recall data. 


is to consider the rules of free 
n proceed to elaborate the 


for the “iiot : 
{һе acquisition period 
One way to begin, it was suggested. here, 


association as a cornerstone of memory and the 


rules, 
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Methods of Measuring Retention! 
Comments on Professor E. A. Bilodeau’s Paper 


HARRY P. BAHRICK 
Ohio Wesleyan University 


The methods of measuring retention remained largely unchanged from 
the earliest days of experimental psychology to the 195078. We are indebted 
to Bilodeau for his many original contributions to the rebirth of interest in 
this central problem. We are also indebted to him for the present discussion 
in which he reviews the significant work which has been done in this field 
during the past decade. He raises a number of issues, the discussion of which 
is certain to stimulate further progress in this area. 

As a general preliminary issue it appears to me that the criteria for eval- 


uating the methods of the experimental psychologist require a brief dis- 
cussion, How do we decide whether a method is useful, or whether it is 
better than some other method? This problem was first discussed by Melton 
(1936), later by Fitts, Bahrick, Noble, and Briggs (1959), and most recently by 
Bahrick and Noble (1966). Reliability and validity are, of course, the principal 
demands we make of our measures, but these characteristics need a re- 
definition which is relevant to the objectives of the experimental psychologist. 
We demand reliability only in the sense of a “noise-free” measurement, and 
this does not necessarily mean a measurement which remains stabile for a 
Particular individual. On the contrary, it is quite possible that insensitive 
Scores will remain stabile while more sensitive indicants will fluctuate and 
thereby reveal more adequately the phenomena we wish to assess. The 
identification of various sources of instability of an indicant is frequently 
difficult, but becomes an important requirement in exploiting its information 
potentia], 


a "The ideas expressed in this paper were developed in the performance of work 
1 en by Public Health Research Grant HD 00926-04 from the National Institute 
Child Health and Human Development. 
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As to validity, this still relates to the question of whether we are measur- 
ing what we intend to measure, but no simple test-criterion correlation can 
provide the answer. Rather we must judge the validity of our methods by the 
clarity of the answers they vield to the questions which our theories raise. An 
experimental method is valid if it fulfills its purpose, i.e., if it yields an un- 
equivocal answer to the question the experimenter has asked. If four different 
indicants are used to reveal what has been learned. during a conditioning 
experiment, all of them have some validity to the extent that they. show 
systematic behavior changes during the conditioning proces 


s. If the inter- 
correlations among them are low, however (as it happens they are), then the 
measures are either unreliable, i.e., they 
ables, or they 


reflect random uncontrolled vari- 
stematically reflect some differential 
which occur during conditioning. It is 


aspects of the changes 
my contention that such diversity 
among indicants of the phenomena that interest us is not a liability, but a 
potential asset. If an architect draws three different views of a building, each 
view provides valuable additional information, but the information can be 
exploited only to the extent that we are able to interpret the thr 
differentially. Obviously the additional information provide 
cant cannot be 


ee views 
d by each indi- 
xploited by treating the indicants interchangeably, ies 
ignoring their demonstrated differences and assuming that each one of them 
reveals equally and completely what we wish to find out. We cannot exploit 
the. potential validity of an indicant until we 


know more precisely what it 
measures that the other indicants do not measure. To find this out we require 
rational. analysis and empirical observations of their 
function of a variety of independent v. 


the interrelations among response 


interrelations as a 
ariables. It is this kind of study, of 
variables, that I believe has been greatly 
neglected in many areas of experimental psychology and has limited the 
validity of our methodology. Two conclusions are implicit if the above con- 
siderations are applied to the measurement of retention, “The more methods 
the merrier” is the first conclusion since each new method is an addition to 
our potential sources of information. The second conclusion is the need for 


intensive analysis of the interrelations among new and old methods. Prior to 
obtaining the results of such an analy 


is we must exercise due restraint about 


statements concerning memory in general, or about the 


shape of the curve of 
any such observations will reflect to an un- 
known degree characteristic interactions of memory 


retention. This is true because 


: and method, i.e., artifacts 
of measurement. 


Viewed from this perspective Bilodeau’s work represents a most signifi- 
cant contribution to our study of memory. He has added several new and 
analytic indicants to augment the recently reawakened interest in meth- 


odology in an area which had been dormant for several decades. By interpret- 
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ing these, however, he has opened a Pandora’s box of new problems and has 
stuck out his neck in a way which seems hazardous when judged by the 
of caution which I have recommended for others—but which 


standare 
rarely inhibit my own pronouncements. 

Let us first examine Part I of his chapter. Here Bilodeau has pointed out 
the important fact that the set of events which we call a trial involves relatively 
easily separable subevents, such as the response itself and the experimenter 
dback. He has further shown that independent me: 
tion of these subevents, and of their interrelations, can improve our under- 
standing of the phenomena of retention. The component events of a trial had 


surement of the reten- 


fe 


t. In sorting these out and 


either been ignored or confounded in the pas 
empirically examining their interrelations he has made a badly needed con- 


tribution to more analytic measurement. Perhaps Bilodeau's success in 
destroying the pseudo-unit of a trial will lead us to a more critical reexamina- 
tion of this concept in other contexts, such as the testing of all-or-none models 
of one-trial learning. 

ion of measures of memory Bilodeau begins by pointing out 


In his discus 
the central fact that memo 
ofa group mean, and that this measure leav 
ing the changes of a whole distribution of responses in time. No one can 
quarrel with this fact, nor with the inference that follows, namely, that we 
need far more complete and analytic information about changes in the dis- 
tributions of responses produced by subjects at various points in time. As a 


curves usually record the decline of performance 


s out much information concern- 


partial solution Bilodeau has suggested an examination of correlations among 
the distributions as well as an examination of changes in their variance. I 
find both of these suggestions intriguing and the data he reports significant, 
but I have s rong res tions concerning Bilodeau's interpretation of these 
measures. It is here where I believe that he has stuck his neck out very far 


and I propose to reexamine these interpretations. 

Let us consider first the interpretation of the proposed correlation measure 
of retention. In this method, subjects are instructed to reproduce a previously 
made motor response. The first and second array of responses produced by 
the subjects are correlated, and it is shown that the correlation decreases as a 
function of the time which intervenes between the two events. I have several 
reservations about interpreting the decreas 


in correlation as an indicant of 
retention, and I have even greater reservations concerning the comparison of 
relative amounts of forgetting over successive time intervals on the basis of 
the amount of decline of the correlation function. In other words, 1 am not 
certain that retention is being measured and I question, even more, the 
implication that it is being measured with an equal-interval scale. 


My principal objection to interpreting the correlation function as a measure 
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of retention arises from the lack of specification of exactly what has been 
learned. If we conceive of retention as the persistence of the changes which 
occurred during learning, then we clearly must first establish what these 
changes are before we can decide to what extent they have persisted in time. 
Psychologists have advocated caution in the past about the conclusion thata 
loss of retention occurred if the pre 


ious learning process could not be es- 
tablished beyond question. The senile patient, for example, who cannot 
report what he ate for breakfast may be described as forgetful by many people, 
but the psychologist has insisted on the significance of differentiating the 
failure to retain the traces left by an experience from the failure of the 
perience to produce traces in the first place. The mere prese 
stimulus, or the occurrence of a response, is certainly not 
of learning. Rather, it has generally been held that lez 
tablished on the basis of some change of performance 


х- 
ntation of a 
adequate evidence 
uning must be es- 


and the minimal re- 
quirement for the assessment of such a change is a comparison of tw 


о measures 
of performance during practice. No such two measures are available for the 


correlation index. The array of individual differences among the responses of 
the various subjects is not a distribution which has been established as the 
resultof practice; rather it is an array which has been observed on the occasion 
of the first response the subjects were instructed to make (Bilod 
1964; Bilodeau, Sulzer, & Levy, 1962) 


tablish iny relations between change 


ап & Levy, 
It is, therefore, not possible to es- 
s in the array which are observed later 
on and changes which occurred during training. If this criterion is not met for 
measuring retention, then all changes w 


hich occur in time ina distribution of 
responses produced by many individuals can be called forgetting. Clearly 
this writer does not agree with Bilodeau’s defin 
and of forgetting as inconsistence. We must 
if we can establish that the persistence relates to changes that were sys- 
tematically established during training does the later observation of incon- 
sistence preserve the traditional meaning of the concept of forgetting. Bilo- 
deau could counter with the claim that his subjects were instructed to 
reproduce their original responses as nearly as possible, and that the loss of 
the correlation in time provides an index of their decreasing ability to follow 
г, however, whether a very simil 
might not be observed if the subjects e 
another response, i.e., without be 


ition of memory as persistence, 
ask: Persistence of what? Only 


these instructions. I wonde ar phenomenon 


ither (a) were instructed to make 
ing specifically told to 
n no error inform 
their first response, and on the occasion of the 
again told to produce a response which they imagined to be of the desired 
type, rather than to attempt to reproduce their first response. Bilodeau has 
pointed out that at least the early loss of correlation is probably due to a loss of 


reproduce their 


original response, or (b) were give ation in connection with 


ir second response they were 
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set which occurs when subjects briefly walk away from the apparatus and re- 
turn before attempting to reproduce their first response. When subjects are 
confronted twice with the requirements to make a response under identical 
stimulus situations they tend to make similar responses for a variety of 
time intervenes between the two 
I do not believe that this lessen- 
can be interpreted unequiv- 


reasons, among them a general set. If more 
Occasions to respond, this becomes less true. 
ed tendency for response consistency in time 
ocably as an indicant of retention. At the very minimum we would need to 
contrast the loss of correlation for 
original responses with the correlation 1 
Original response instructions, without the 


the group instructed to reproduce their 
oss of control groups given the 
additional request to reproduce 
their first response. 

fly on why this type of control is not equally 
In most studies of verbal learn- 
пу because we are dealing with 
probability of occurrence. A 


Let me comment here brie 
needed in many other studies of retention. 
Ing, for example, such controls are not neces 
Performance which has a very low a priori 
subject is quite unlikely to come up with a correct sequence of nonsense 
syllables, words, or numbers during a retention test, if he did not learn them 
during the practice trials. For this reason the type of control I have de- 
rm retention studies, despite the 


scribed is unimportant also in most short-te 
fact that they involve only a single acquisition trial. One is usually justified 
M assuming that the correct responses on a retention test reflect the effect of 
this prior learning trial. The situation is different, h 
task in which the subject rather than the experimenter has produced the re- 
in which a priori response sets may con- 


owever, in a positioning 


ие to be remembered, and 
ribute substantially to response consistency. 

It seems very likely to me that response 
Rreater for certain subjgets than for others. This tendency alone would cause 
the correlation of the ax s to decrease in time, quite aside from the 
Process that we usually describe as retention. The correlation measure is 
Simply an index of the degree of persistence of individual differences ob- 
Fig sponse. Such progressive changes 


sets or response consistency is 


vs of score 


ой d to occur on ће occasion of a first re 
n individual differences can occur for a variety of reasons and cannot, in my 
Ding 5 ; i subjects perfor 

"ipte be interpreted as measures of retention, even if subjects performed 
the se S н 
Rd second response under instructions to 

T mittedly, the meaning of the term retention is to some extent arbitrary, 
ike ; sider: 

м the meaning of all words, but there appears to me to be considerable 
аду; ч А n ef к 
‘vantage in reserving the term for the persistence of those changes in per- 
during practice and not to apply it 


ibutions of individual differences 


attempt to reproduce the first one. 


Ormance А 
5 "ance which were observed to occur 
lore " ra 
е generally to the presistence of distr 


Whie A Е ы 
hich happened to be observed on the occasion of a first response in a task. 
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In his analy 


is of the shape of retention curves (p. 327) Bilodeau contrasts 
the type of curve he obtained from the decline in the correlation measure 
with the negatively accelerated curve most frequently reported for other 
measures. I have described elsewhere (B 
the interpretation of slopes of rete 
ures. The 1 


ahrick, 1965) my reservations about 


ntion curves based upon classical mea 
ervations are based upon the fact that the traditional indicants 
confound several variables 


and I shall not review these arguments here. How- 
ever, the problem of confounding of variables applies probably to an even 
d by Bilodeau. As w; 
there are many variables, not yet individually a ssessable, which may con- 
tribute to the instability ofa distribution of individual differences in time, and 
the rate of loss of correlation reflects all of them, 
degree at different times. Further, the corre] 
a linear index of variance which is pre 
a knowledge of the first distribution. 
ficient of determination) gives the percentage of Variance 
which can be accounted for from a knowledge of the predictor 
would seem to me that this coefficient would be a More appropriate indicant 
of consistency between the two distributions of responses than the correlation 
coefficient itself. The shape of the retention function would 


greater degree to the curves analyze suggested above 


and possibly to a different 
ation measure itself does not give 
dictable in the 


econd distribution from 
The square of the coefficient (the coef- 
€ of predicted scores 
scores. It 


‚ of course, differ 
r ror r is plotted; and the arbitrary selec- 
asis for my strong resery: 
the resulting curve as an equal-interv; 
summary, I believe that the gr: 


markedly depending upon whethe 


tion of r provides a further b; ations about interpreting 


al indicant of how much is forgotten. In 


adual change in time of a distribution of indi- 
vidual differences, which Bilodeau reports in the form of a correlation func- 
tion, is an interesting phenomenon. It should be related to other independent 


and dependent variables, but should not at the present time be interpreted as 
an index of retention and most certainly not as an equal-interval indicant of 
retention. 


Let us now turn our attention to the proposed variance measure of reten- 
tion. To obtain this measure subjects are instructed to reproduce а response 


which they previously made, and the variance of the re 
they generate is plotted as a function of the tim 


ponse distribution 
e intervening between the 


original and the reproduced response. 
My principal objection to the interpretation of the correlation measure 
applies equally to the interpretation of the variance measure, 


Bilodeau and Levy (1964), but I feel much friendlier toward this measure 


as used by 


because the basis for my objection could easily be remedied. The abjection: 


of course, hinges on the fact that Bilodeau and Levy do not report how 
variance of the response distribution changes during training and, therefore, 


I am unwilling to accept a priori the progressive variance changes of later 


no 
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response distributions as indicants of forgetting. It would seem a simple 
sive response distribu- 


riance of succ 
"learning curve" on this basis. One would 


matter, however, to establish the 


tions during training and to plota 


certainly expect that a group of subjects will diminish the variance around a 


desired response ах practice of the response continues with knowledge of 


results, Subsequent increases of variance could then be established as indi- 


Cants of forgetting, An analogous validation of the correlation measure would 
eld less predictable results. It would be necessary to correlate the individual 


di i practice trial with the individual 


Terence distribution obtained on a fit 


differe e i ; 
Ference distribution obtained on each of the 
as a function of practice. Presum- 


preceding trials, and to plot 
the j ie 

he increase in the correlation coefficient 
ably, | would be obtained between the final practice 


the highest correlation 
d by the superdiagonal 


trial ; я Е еб 
f al and the immediately preceding one, as suggest 
orm shown in Bilodeau's Table I. It would surprise me, however, if such a 
Corre] apy РЯ i Eg 
orrelation would ever approach unity, Sine 


e it is limited not only by "noise" 
actors, but also by differential rates of learning among subjects which would 
alter successive distributions of individual differences. Even a high correla- 


tio i Е : 
п obtained on this basis reflects in part the pe 
stionable basis for the measurement of re- 


sistence of a set between 


trials ; " à 

| Us and its loss provides a que 

e 1 ; vo as 
ntion, In any case, d retention. curve bas 

туей maximum correlation during training as the 


ed on the correlation measure 

Wo 

f uld have to use the obse 

irst ord; t i 
St ordinate value of the retention 

out St i X каз ПЕЕ 
It Stage I of Bilodeau's curve in Fig. 10, w hich 


curve. It seems to me that this would rule 
sumes a Value of unity on 


the ordinate at the end of training. 
The use of the variance measure on the 
Problems of nonlinearity of the indicant; a variance value can easily be es- 
edent for the use of 


other hand is unencumbered by 


tablished at the end of training and there is ample pr 


х. The traditional practice has been to com- 


Vari: à : 
Nance as a measure of learnit 


sponses of the same subjects, and then 


Pute variance among successive re 
determine the мета variance scores for a group of subjects. Variations of 
the psychophysical method of ave 
Crete tasks (Bahrick & Noble, 1961), and the root mean square error is an 
analogous indicant of performance in continuous tasks. The variance measure 
of Bilodeau and Levy differs from these principally because it is computed 
fora single response made by many subjects, rather than for many successive 
responses made by a single subject. Bilodeau and Levy's technique is more 


ige error illustrate this technique for dis- 


Promising for the measurement of retention because it avoids the problem of 
Confounding the retention measure with further practice in a task —a problem 
which cannot be avoided if a series of successive responses of the same sub- 
Ject is needed. By establishing the relations of this variance measure with 
other measures of retention as a function of a variety of procedural and task 
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variables, we will undoubtedly gain considerable insight into the nature of 
learning and forgetting. Until this is done I believ 
shape of a general retention curve based upon the variance and correlation 
indicants is premature. Bilodeau's analysis of the curve into a two-phase 
process is intriguing but based upon too m 


e that discussion of the 


any methodological limitations to 
be regarded as more than an interesting hypothesis. To sum it all up, I do not 
believe that we can make meaningful interpre 
curves as long as we are uncertain about th 
scaling on the ordinate of our c 
relation of the units we 


retention. 


tations of the slope of retention 
е availability of equal-interval 
urves, and know little or nothing about the 
plot for one indicant to the units of other indicants of 


Tam greatly impressed with the significance of the work on stimulated re- 
call which Bilodeau describes in the second part of his chapter, There can be 
no doubt that memory generally involves complex networks of associations: 
These associations occur in part because our experiences 
in a stream of consciousness which brings about the bonds of temporal con- 
tiguity. But the associations also occur because a Wealth of knowledge es- 
tablished in the past can mediate concepts which bridge the gaps of time and 
space. Thus, if we try to recall where we have placed a lost object we may first 
mentally retrace our steps so as to take advantage of the associations ез- 
tablished by temporal contiguity. If this fails to retrieve the memory, how- 
ever, we are likely to make extensive use of other 
past habits with the class of object involved, 

Most laboratory work on retention has fa 


are embedded with- 


associations relating to our 


tiled to come to grips with this 
complex network of associations which generally provide 


trieving stored information in everyday life. In the 
trol, investigators have concentrated most of the 
material, i.e., material which must be retriev 
temporal associations formed during the 


s the basis for re- 
quest for increased con- 
ir efforts upon meaningless 
ed Principally on the basis of the 
actual experime 
resulting models of retention have reflected this comparative lack of involve- 
ment of past experience. I have no doubt that à probabilistic concept of 
memory based upon multiple associations of both the temporal and the 
mediated type will bring our models closer to functional reality. I see the 
work on stimulated recall, described by Bilodeau, Fox, and Blick (1963), as a 
а family of re 
far more diversified in slope than the curves we have so far observed in our 
laboratories. In turn this will help our models to account more adequately for 
associations which we remember throughout most of our life, rather than only 
for those which are largely lost within a few hours after learning. Beyond 
this, the stimulated recall situation may yield several means of scaling de- 
grees of associative strength below the unaided threshold of recall. This 


ntal sessions. The 


significant step in this direction. It should yield tention суве 
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should contribute to the solution of methodological and theoretical prob- 
lems. By making a scale of associative strength available below the unaided 
recall level, we may avoid artifacts of dichotomous measurement and also 
obtain more definitive answers to questions arising from the conflict of dis- 
crete and continuous models of acquisition and retention. 

Another potential contribution of the method of stimulated recall lies in 
the possibilities this method offers for reaching an empirically founded 
rapprochement between dynamic theories of forgetting and the more 
atomistic interference theories. The dynamic theories have emphasized long- 
range changes of the content of recall, based upon the context of long es- 
tablished trace systems. The S-R theories have concentrated upon short-term 
losses of retention, more easily measured in the laboratory. Until recently 
(Underwood, 1957), S-R theories have attributed the loss of retention pri- 
marily to the effects of retroactive inhibition. By using the method of stimu- 
lated recall and by taking prior measures of existing associative systems, 
Bilodeau, Fox, and Blick were able to extend predictions to the nature of 
changes of subject’s responses. This work suggests the extension of con- 
trolled laboratory techniques to cover the more elusive and long-range 
Phenomena which until recently were dealt with only by the less researched 
dynamic theories. 

Bilodeau has stated the point very clearly (р. 345): There is no support for 
а common view that less and less variance is explainable the longer the 
retention interval, and there is no support for the view that as forgetting gets 
More pronounced there is less and less to talk about. 

It would seem that the extension of laboratory methods of measuring re- 
d, will bring us closer to a 


tention, which Bilodeau has so ably summi 
realistic involvement with our ultimate subject matter: human behavior. 
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Introduction 


Five Kinps or "TRACKING 

mot tracking typically involves keeping a marker M line with a mov- 

dis ma t An example is the pursuit rotor, in which the tip of a stylus has to 
on a small eireular disk set into n rotating platform (Ammons, 1955). 

g there is only one 

wget, from which it tends to move away. In 


ins Е ; lie 
^ ч compensatory trackin moving element. This has to 
e 5 
11 i : 
ral Id stationary over a fixed t 
oth T y š А А ; 
» these cases movement is present in the display in the absence of a 
‘sponse 


h PRO " n А s х 
|! acquisition or discontinuous step-function tracking, the target and 


res $ y 
Ponse marker typically start superimposed. One of them then suddenly 


jump М 

ta Ds to a new position, and the man has to superimpose the marker on the 
arget agai 

tagain. It has always been assumed that the tasks are equivalent which- 


jumps to the new position. These 


ever of 
of the two, target or response marker, 
two 3 


special cases of pursuit or com- 


cs may be regarded as 


acquisition tas 
e sudden jumps, movement is only 


рн tracking in which, except for th l 
Gaons i the display as a result of the man’s response. In most practical 
re vae nequam precedes pursuit or compensatory tracking; the target 
ES acquired before it can be held in alignment. 
us оле kinds of tracking have received much less study. Both 
babes 7 een in space like a wiggly Ине. By far the commonest 
lowe te aes сап be called unpaced рп, tracking. Here the man moves 
Niels rand m a his own speed, like the driver of a car going along a 
often „„ examples ше the stylus maze, and the star pattern 
irror-drawing experiments. 
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In paced contour tracking the 


wiggly line is normally drawn on a pape 
tape which approaches the 


man ata fixed speed. He controls a marker which 
moves across the paper tape at right angles to its direction of approach. He 
has to keep the marker superimposed 
(Poulton, 1954). In both kinds of contour 


the wiggly line some distance ahead. When this preview is taken away, the 
task becomes more like pursuit tracking, 


^8 


upon the wiggly line as it pass 
tracking the man can normally sc 


CHARACTERISTICS OF TRACKING Tasks 


Precision of Movement 


All behavior can be said to involve dec 
As we have seen in Chapter 2 of this volume, the study of selective motor 
learning is concerned mainly with deciding what to do. Fore 
may have to decide which one of four buttons to press, or in which of four 
directions to move a lever, The excellence 
terms of time taken and whether the re 
not. The button or lever has simply to 
electrical contact. The exact distance 
on it by the man, are not considered, 

In contrast, the study of tr, 
of the response. Here performance is assesse 
or the force exerted, Typically the man is supplied with only one control; he 
does not have to choose between controls as he often does in selective motor 
learning. Thus selective motor learning and tracking emphasize different 
aspects of motor behavior. 

At the present time the study 


iding what to do and then doing it. 


mple, the man 


of his performance is assessed in 
sponse selected is the correct one ог 
be moved sufficiently far to make an 
it moves, and the exact force exacted 


acking is concerned more with the execution 


d in terms of the distance moved 


of tracking is in a se 


nse the more unique, 
in that it has less in common with the 


study of verbal learning. Like the study 
of selective motor learning, the study of verbal learning is largely confined 
to response selection. However, there is no need for this, ang in the future 
considerably more emphasis in verbal learning will doubtless be placed 


à problem which has always faced 
the man learning to speak a foreign language. But it has now become the 


computer which wil] in 
future 
to use such a machine will have to learn a pronunciation 


input device. Thus, whereas in the field of response sele 


upon the execution of responses. This is 


problem also of the man designing the input to the 


time automate the job of the shorthand typist. The executive wishing 
acceptable to the 


ction the study of 
motor learning has drawn heavily upon the corresponding studies of verbal 


learning, in the field of response execution the roles may well be reversed. 
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Pacing 


The typical pursuit or compensatory tracking task is paced. At any instant 
the man has a movement to make of a specific size, but the size changes all 
the time. Making the correct size of movement either too early or too late is 
equivalent to making the wrong size of movement, and is penalized accord- 
ingly. By being paced the typical tracking task again differs from selective 
Motor learning, since here the task may be either paced or unpaced, depend- 
ing upon the wishes of the experimenter. 

There are, however, unpaced tracking task 
acquisition, or discontinuous step-function tracki 
hanged, so that its exact timing is not critical. In 


The principal one is target 


ng. Here the size of move- 


me жырыгы. м 
tent required remains unc 
addition, contour tracking may be unpaced as well as paced. 


Engineer; А 
ngineering Variables 


havior is that there are many dif- 


A difficulty in discussing tr cking be 
Шу which 


ferent tracking tasks ind that it is not possible to state categori 
task is the most typical. In studying tracking the experimenter has to decide 
What kind of track he is going to use, what kind of display, what kind of con- 
trol, and what kind of control-system dynamics. In each case he has to make 
а more or less arbitrary selection from а numbe 
his experimental 18 lis will be determined by his choice. Some of these 
independent variables have their counterparts in selective motor learning, 
but not all do. Since we shall be attempting to give as simple a picture of 
tracking behavior as is compatible with the facts, we shall assume that all 
ones under discussion have “neutral” 


r of possible alternatives, and 


independent variables other than the 
values; this means values which complicate the picture as little as possible. 
Clearly the independent variables must interact, but the effects of the isolated 
variables must be understood before we look at the inte 

The control-svstem dynamics may be so complex that they completely 
i ‘ If this is so the tracking study is of little 


actions. 


dominate the man’s performance. 
interest to the psychologist, although it may be the bread and butter of a de- 
sign engineer concerned with a new vehicle such as a nuclear submarine or 
Spacecraft. The complexity of the dynamics forms a kind of continuum, from 
the simple control systems which are studied principally by the psychol- 
Ogist, to the highly complex control systems which are studied principally 
by the engineer. Unless otherwise indicated, we shall restrict ourselves to 
the simplest control-system dynamics: a positional control without a control 
time lag or an unusual control gain. For most of the work of interest to psy- 


chologists has been carried out like this. 
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The Track 

Step Funcrions 

Isolated Steps 


Step-function tracking or simple acquisition has the advantage that the 
visual stimulus to which the man responds can be defined precisely both in 
extent and in time. Usually the m 
as possible. When he cannot 
almost independent of the size 
of movement and acce 


an is told to restore the alignment as quickly 
anticipate the stimulus, his reaction time is 
of the step. With а positional control his rate 
leration vary with the amplitude of the step, being 
greater for larger steps (Searle & Taylor, 1948; Taylor & Birmingham, 1948). 
This first shot at restoring alignment tends to be accurate to within about 
+10 percent (Vince, 1948b, Fig. 4). If an appreciable error remains and he 
has plenty of time, he may have another shot, which will also be accurate 
to within about +10 percent (Craik, 1947), 

It seems clear from the consistent patte 
ment (Peters & Wenborne, 1936; Taylor & 1 
short time which it normally takes ( 
that the movement is carried out wi 
menter unexpectedly alters the 
making the wrong movement, 


m of acceleration of the move- 
Birmingham, 1948), and from the 
tik, 1947; Taylor & Birmingham, 1948), 
thout voluntary control. If the experi- 
apparatus and thereby 
it takes him almost 


tricks the man into 
:3 second after he notices 
> he can correct it (Hick, 1949). By this time 
ment wil] normally have been completed (Taylor 


that something is wrong before 
the initial incorrect move 
& Birmingham, 1949), 


Pairs of Steps 

When the stimulus for a second step is Presented soo 
stimulus, the second response is likely to be delayed (Vince, 1948a, Exp. 4; 
Ellison & Hill, 1948). Collateral evidence suggests that this m 
because the man is not expecting a second stimulus so soon, 
ready for it (Mowrer, 1940; Poulton, 1950: 


а). But if the 
two stimuli is less than about .2 second, the response 


will be delayed by about .1 second even when the 


n after a previous 


ay be partly 
and so is not 
interval between the 
to the second signal 
man is half expecting to 


oulton, 1950a; Davis, 1956). 
When the man is preparing to deal with the expected second stimulus 


first stimulus m 
about .04 second (Gottsdanker, Broadbent, & Van 5 


have to make a second response at this time (P. 


well as with the first, his response to the ay be del; 


ant, 1963). It isa 
in readiness {о receive the 
second stimulus, and so had inadequate capacity available to deal 


man reserved some of his computing capacity 


at maxi- 
mum rate with the first stimulus. When the second step follows the first by 


1 interval as short as .05 second, the man may on occasions be able to make 
ar al as Я 


a single response to the two steps (Craik, 1948). 
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, Step-function tracking has not proved a very successful method of study- 
ng this so-called "psychological refractoriness.” The two responses tend to 
run i s 
m into each other when the interval between the 
"sponse ends and the second re- 


stimuli is short, and it is 


not always possible to tell where the first rc 


sponse begins. Thus while Craik (1945) used the 
response to the two stimuli, Ellson 


data to support a theory of 


two i 3 
) independent responses, or of a single ї 


and Hill (1948) were able to use almost identic 
ically with the last part of the first re- 


an be overcome fully only by for- 


al data to support a theory of 


the second response summing algebra 
ASG: The difficulty of interpretation € 
saking step-function tracking and using 
Members, e.g., two fingers, as was done by Davis ( 


Broadbent, and Van Sant (1963). 


instead two separate responding 
1956) and by Gottsdanker, 


Series of Steps 

When the man is presented w 
Statistical properties of the series, and 
the so-called * range effect.” Large steps tend to be undershot, while small 
steps tend to be overshot (Ellson & Wheeler, 1949; Slack, 1953a), as if the 
Man's response were determined partly by the average size of step, and only 
Partly by the stimulus. Similarly the ma 
Small steps than he would normally, and n 
Iso were 
shown in more marked form when 
sion (Slack, 1953b). 
ting series of steps, he soon learns 


ith a random series of steps, he learns the 
makes use of this in responding = 


n tends to move more quickly with 
vore slowly with large steps (Craig, 
determined partly by the average 


1949), as if his rate of movement i 
Size of step. The range effect tends to be 
the steps follow each other in rapid succe 

If the man is presented with a repea 
a little too soon, like a premature re- 


it. Ile : 

He may then initiate а movement 

acti s ; ; уеп if ; i 
ction in the classical reaction-time experiment. Even if he does not do this, 


;e step which calls fora movement 


he e i 
can sometimes be caught out by a surpri 
The man may make the response 


а). 


urate in amplitude when the sequence is 


of unexpected timing, direction, ог size. 
appropriate to the expected step, instead of to the surprise step (Slack, 19, 
үрөп: may also be more асс 

nown in advance (Poulton, 1956). 


Ramp FUNCTIONS 


The ramp function used most frequently in tracking has a constant veloc- 


ity, but constant acceleration and const 
М jerk") tracks have also been used. In the early stages of practice with a 
Cae te track, a compensatory display, and a positional control, 
5 828010 n noted that the man corrected the error on the average every 

, the range extending from .25 to 1.00 second. But soon these 


ant rate of change of acceleration 


intermitte ө 3 
2s ittent corrections had superimposed upon them a constant rate of 
ovement. The 2 ч 3 
nt. The man, as it were, produced a rate of response which more or 
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less matched the rate of the track, апа then intermittently corrected the ose 
between the two. The rate element in the man’s response was clearly otn 
at the end of the ramp. He continued to respond at the same rate for a reactior 
time, until he realized that the 


татр had ceased (Craik, 1947, p. 58; Vince, 
1948a, Fig. 1C). 

A rather similar picture wy 
after practice with 
lasting up to 


ts described by Ellson, Hill, and Gray (1947) 
à pursuit display. 
2.0—4.0 seconds whe 
more or less mate 


ngths 
The tracking records showed lengt 
re the rate of the 


Function 
man's response functic 
hed the rate of the track 


and) since the mis lignment Mes 
small, the man made little or no effort to correct it. These periods of pure 
“rate tracking” were shorter with the faster tr. 
alignment was likely to deve 
veloped, it was corrected 
second, the distribution of 
Since the periodicity 
rate of the track, the 
corrections increased 


acks, because a serious mis- 
lop more rapidly. When 
discretely at 
times corre 
of the corre, 


a misalignment des 
an average rate of about twice De 
sponding to that described by Craik. 
ctions was More or less independent of the 
mean error of Misalignment 
as the rate of the track incre 
Garvey and Mitnick (1957) described the 
rate track with a compensatory display and 
practice the man tends to lag behind the 
a fast one. But after practice the time! 
The proportional reduction in the 
good deal less, since there is 


and the mean size of the 
sed. 

course of learning a constant- 
а Positional control. Early m 
track, especially when the track is 
ag is reduced to negligible proportions. 
mean error of Misalignment is of course а 


à residual oscil] rror even when the man, 
on the average, is on time, The arn a Constant acceleration 


Tation (“jerk”) track (Garvey, 


atory © 
man can also [е 
track, but not a constant rate of change of accele 
1960). 


When a quasi-random series of Tamps of constant slope h 
the man can make use of his knowledge of the statistic 


series (Poulton, 1957b). This corresponds to the “ 
step functions. The man can also | 
formation in his tracking. 
ап be tracked гаће 


as to be tracked, 
al properties of the 
range effect” found with 
ating Series, and use this in- 
es of ramps of constant slope 
апа qduasi-random sinusoidal track 
ersals per minute (Heinemann, 1961, 


earn a гере, 
A quasi-random seri 
r more accurately th 
of similar amplitude and number of rey, 
problems A & D). 


51%0501р$ 


Single Sine Waves 


The task set in tracking a single sine wave de 


bends upon its fr 
When the frequency is only 1 or 2 cycles pe 


r minute or less, the 
unlike that of tracking a ramp function. After practice 


equency. 
task is not 
the man should be 


— — 
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able Р А " A i 
e to match the rate of the track much of the time. The only additional in- 


formati 
Im Jh a i 
ition which he needs to keep in mind, 


is where he i а 
лего he is on the sine wave, so that he 


not required with ramp functions, 
knows whether the track is grad- 


ually accelerati * 
É: accelerating or decelerating. 
n contrast, when the frequency of a single sine 
time to respond separately to each 


rages only about 2 re- 


wave is much above 60 


cycle a йй 
ycles per minute, the man has not got 


half ey т . 
alf cycle, since his comfortable rate of responding ave 
retely, his response has to include a 


nt, so that à movement in one 
illographic charts from a 
each other with- 


Sponses " 5 а 

5 ses per second. If he responds dise 
‘versal i а А 1 8 

rsal in the direction of his control moveme 

m movement. The ose 


directi 
ction merges into a retu 
and-fro movements follow 


"s in man suggest that the to- f 5 ; ) 
а break. The man, as it were, generates а function something like a sine 
amplitude, and adjusts it from time to time 
very much easier to do with a pursuit 
e the man can see the track he 


"e correct frequency and 
йды ^ ле track, This is, of course, | 
is wes than with a compensatory display, sinc ae des 
Ying to copy, and also the nature of any error he makes. With practice he 
d nat need to correct his performance for periods of up to 5 seconds ог 
Бы ег, and may even be able to track for a few seconds as accurately with 
tis eyes shut as with his eyes on the display (Poulton, 1957а). 
| of very high frequency with a pursuit dis- 


n tracking a single sine wave 
as the frequency of the sine wave is 


ante misalignment prion increases es — ales 
le. ased. With highly practiced men, five different kinds of error have been 
Cescribed (Noble, Fitts, & Warren, 1955): (а) a variable error in phase; (b) 
e error in amplitude; (c) a variable error in the point of termination 
rl à sive to-and-fro зоос 
дайа an overestimation or unde Med bi | 
m presumably depends upon the man’s self-instruction, since it can 
кз altered by instruction from the experimenter; and (e) at track frequencies 
above 3 cycles per second, periods during which the response frequency does 
a the track frequency. Again the | 
ation, and the direction сап probably be altered by instruction. The 


man's d; х B ; $ 
an's difficulty is to tell whether he is ahead or behind, since when, for ex- 


A he lags in phase between 180? and 360°, he appears to be leading the 
‚ These results modify and extend those of Ellson and Gray (1948). 
"үз, a single sine wave of inte’ | 

"wed - aye to match the rate of the track by including an acceleration 
ei ey response, corresponding to the predicted acceleration or decel- 
Cities = the track. Errors of misalignment are corrected intermittently. 
аге А rections involve changes of rate or acceleration rather than dis- 
нана сал alienne pasion: Thes n 
19574). echniques such as intermittent display presentation (Poulton, 


(d) a constant error in amplitude, which 


restimation of the track amplitude; the 


error may be one of over- or under- 


rmediate frequency the practiced 


are easier to detect by special ex- 
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Even a combination of two sine w 


fairly random, provided the rel 
selected. Howe 


aves can produce a track which кр 
alive frequencies and amplitudes are care fully 
ver, to avoid the bossibility of the man learning the sequen- 
tial properties of the track, it is safer to use thre 


4 saves whose 
е or more sine waves wh 
phase relationships vary in 


anonrepetitive fashion, А more irregular track ы 
is provided by white noise with the higher frequencies filtered out. Some В 

the learnable characteristics of these quasi-random tracks are the mean post 
tion on the display, the mean and approximate m 
approximate maximum 


ч H " no 
rate of movement. It must be emphasized that 

а VES Бы s Very 
irregular track сап be really. random if it is to be tracked successfully. Very 


3 5 x ч H Р H ЧІ е, 
high frequencies of very large amplitude make tracking Virtually impossibl 
and so have to be excluded, 


An irregular 
track, since it de 


А к е 
aximum amplitude, and tl 


track presents a greater problem to the man than a regular 
des not appear to repeat. He 

ап а simple sine wave, Difficulty e 
frequency or the amplitude of the 
mum velocity, But where. 


- il as he 
cannot learn it in detail as | 
an be Mereased Бу increasing either th 
track, Doubling either doubles the maxi- 


5 doubling the amplitude Practically doubles the 
size of the tracking error, doubling the frequency m 


effect than this, depending upon what the h 
and upon the nature of the control-syste 


less 
ay have more or le 


ighest frequency in the track 
m dynamics, 


MULTIPLE Tracks 


Increasing the number of tracking tasks which the m 
simultaneously lowers his standard of 
Seidenstein, & Brogden, 1961), bec. 


When success is sc 


an has to carry out 
Performance оп them all (Hoffeld, 
ause he h 
ored in terms of the time 
adding an extra task reduc the score both b 
in which he may be off target, and by redue 
the other dimensions (Bilodean, 1957). 
Tracking in two dimensions with a flat surf 
or joystick control presents а тае 


as to attend to each in turn. 
he is on target on all the tasks, 
У providing an extra dimension 
ing the time he is on target in all 


face as the display and a stylus 
special case of multiple 
ated into a single t; 
then in the other. 

mensions simultaneously. This 


tracking, since 
sk. Instead of having to track 
> Ше man сап track in both di- 


is only Possible when the order of control 
is the same in both dimensions, о that a single oblique control movement 


can replace separate movements in the x and y coordinates. Despite the ad- 


ingle display, in principle tracking 
in two dimensions can never be done quite as accurately as tracking in one 


the two tasks can be integr: 


first in one dimension and 


vantage of integrating two tracks into as 


dimension. Simply swappinga lever which will move the display marker only 
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it in two dimensions makes 


in one di А : Я 3 а В 
me dimension for a јоу stick which will move 
ate (Garvey & Taylor, 


con hs » » " A >, 
mpensatory tracking in one dimension less ассит. 
1959). 


sents the simplest tracking ta k 


he circular track of the pursuit rotor pre 
Unfortunately the conven- 


With simultaneous variation in two dimensions. 
ime on targel, 
Varies nonlinearly with the size of the target area (Bahrick, Fitts, & Briggs, 
ive entailed compiling the frequency dis- 
1 target (Ammons, 1951), the 


ti ч ; а 
onal method of scoring, summed t gives a measure which 


1957 ). Improved scoring methods hi 
шн of the durations spent continuously о! 
requeney distribution of the durations spent makii 
(Archer, 1958), and recording continuously the dis 
center of the target arca (Humphries, 1961), but without specifying the direc- 
tion of the error. To obtain more complete information an apparatus like 


Elkind's (1956) "pip-trapper" is required. 


18 noncircular movements 
ince of the stylus from the 


The Display 


Purs 
RSUIT AND COMPENSATORY DISPLAYS 


rsuit and compensatory displays in tracking 
after World War II (Poulton, 1950b, 1952a). 


ible between the two kinds of display, 


Che relative advantages of pu 
1 hot investigated until well 
Before then when a choice was availa 
enginçering convenience often favored the compensatory (Briggs, 1962a). 
of the man, a. pursuit display can have four dis- 


Yet fr 8 i 
t from the point of view 
track varies contint 


tinct advantages when the iously with time. Two advan- 
tages derive from the fact that the man can se 
by his own response 
properties of the t 
t the immediate 
high frequencies, since the man's reaction- 


e the movements of the track 


lirectly, unconfonnded function. (1) He can see the 


Киин and statistical 
(2) At any time he can predic 
Portant when the track contains 
time lag then results in a large phase е 
responding to what he predicts that the trac 
Mportant if the lag in the control system produces a large phase error (Conk- 
lin, 1957), Prediction appears to be based partly upon the visible rate of the 
track, and partly upon its known regularities and statistical properties (Poul- 
ton, 1952b, 1964). It is doubtful whether a man can be sufficiently aware of a 
transient acceleration to use it in predicting (Gottsdanker, Frick, & Lockard, 
1961). More likely he gets his acceleration terms from his knowledge of the 
regularities and statistical properti 
soidal track is far from its average 
there is a high probability that it will be 


ack, and thus can learn them. 
future of the track. This is 


im- 


rror unless he compensates for it by 
k will do next. Prediction is also 


es of the track. For example, if a sinu- 
position and still moving away from it 


slowing down. 
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” act that the 
(3) A third advantage of a pursuit display derives from the fact that 


Пу, unconfounded by track нече 
irn his control system: what effect à particular were 
movement or pattern of movements has, And he can learn just what ш 
ment or pattern of movements is required to produce a particular effect, since 


: í x x a б is control 
he receives immediate knowledge of results of the effects of his cont 
movements. 


man can see his response function dire 
ments. Thus he can lea 


(4) The fourth advantage is the status information available in a pursuit 
display. If an error develops, the m 
by a shift in the track or in the 
control systems of hig 


an сап see whether it has been caused 
response function. This can be important in 
h order with long | 
of ships and in process control in the chemical industry 
"radar-assisted collisions" between ships in fog (C 
of errors of navigation caused by the lack of st 
compensatory radar display. In the с 


м М systems 
ags, such as in the steering syste! 


The many so-called 
Zalvert, 1960) are examples 
atus information in the standard 
hemical industry it may be important 
to know whether an error is due to a drift in à control setting which is easily 
corrected, or to a disturbance in the chemical Process itself which may lead 
to an explosion if it is not stopped. 
A compensatory display has the four corresponding disadvantages, the 
seriousness of which can vary according to the nature of the track and of the 
control system. The disadvantages derive from the fact that the man can see 
only the error, which is the difference between the track and his response 
function. As an extreme example, if the control system 15 complex and of 
high order, the man may never see the track uncomplicated by some output 
from the control system. He then has a Single equation with two unknown 
variables. He can learn the control system only if he сап produce in the dis- 
play errors a good deal larger than those produced by the track, so that there 
is a perceptible correlation between his control movements and the error 
function. This means that either the experimenter must leave him free to 
practice without a track until he is reasonably familiar with the control sys- 
tem (Briggs, 1962c, Exp. 3), or else the е 


xperimenter must select a track am- 
plitude which is small in proportion to the overall size of the 


discourage the man from making large errors until he 
system. For example, the man may “dither, 


display, and not 
has learned the control 


9r wobble his control back and 
forth, to see what effect this has upon the error, Provided he produces higher 


's than those in the track, he can then see the response 
trol system superimposed upon the lower track frequencies, 

Once the man has learned the control system, he should be able to learn 
the track. In the extreme he can produce a steady control-system output, so 
that any changes in the error are related directly to the track. This is some- 


frequenc of the con- 
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times observed in tracking with a positional control; the man makes sudden 
intervals of no response during which he 


discrete corrections separated by 
es the display time between the 


Cu ТО p 

m see the track movement. Thus he shar 
track alone and responses which are almost step functions and can there- 
d upon the track movement. 


fore be A 
we be seen when superimpose 
annot use the visible rate of 


But while the man is actively tracking he с 


the trac " Жыз гё А " 8 
he track to predict its immediate future, as he 
ran error which arises is due to his failure 


ly, or to his failure to make the correct 


an with a pursuit display. 


And he can never be sure whether 
to predict the track sufficiently accurate 
pattern of control movements. Also, unless spec 
employed, the man is likely to learn the characteristics of a complex control 
system and the associated track more slowly than with a pursuit display. 
It has been stated as a general rule (Morgan, Cook, Chapanis, & Lund, 
1963, p. 220), though apparently without any supporting evidence, that in 
tracking a compensatory display allows greater magnification than a pursuit 
display. This is because a purs iit display has to show the full range of pos- 
sible values of both the track and the control system's response, while a 
w only а range of values sufficient to encom- 

likely to occur. The implication is that with 


ial training procedures are 


compensatory display need sho 
bass all si б м 
Pass all sizes of error which are 


sign of the control system’s response will al- 


k, so that the amplitude of the error 
track or of the response of the con- 


the compensatory display the 
W to the sign of the trac 
ither of the 
true of automatic servosystems; but it is not 
cking, since the man may himself gen- 


Ways be the opposite 
is smaller than the amplitude е 
trol system. This is, of course, 
necessarily true in compensatory tra 
erate error which adds to the error generated by the track. 

In the early stages of compensatory tracking the error produced by the 
track and by the response function тау sum even when the track is predict- 
able and the control system is simple, especially if the direction of control 
a display movement is unclear (Poulton, 


Movement required to produce 

1950b, p. 12). If the control syste 
the control system are likely to have 
the control system has been learned, which may take an appreciable period. 
Until this occurs, the compensatory ¢ 
than the pursuit, and so has to have 

the error marker will disappear from view from time to time, and the man 
may never learn the control system. 
magnification gets over this difficulty, but has other disadvantages. The posi- 
tion can be summarized as follows: If the error in tracking with a compen- 
as the error with the corresponding pur- 
lisplay could be magnified while the 


m is complex, the track and the output of 
the same sign from time to time until 


lisplay needs to cover a larger range 
the smaller magnification. Otherwise 


As we shall see, a nonlinear display 


Sa ry display 
itory display were always as small 
uit display, then the compensatory € 
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pursuit display cannot be, 
pensatory display c 
pursuit display, 


z Z " тог with a com- 
But in practice the tracking error. with oie 
p б ~ error with а 
an sometimes be very much larger than the err 


E " iR (ai ы ingle com- 
From what has been said, it is difficult to understand how a singl 
pensatory display с 


an ever give better 
although it should be possible t 
predictable track and highly pr 
periments in which the 


results than a single pursuit display, 
© produce equally good results by using а 
acticed men, Unfortunately most of the ex 
two types of displ 
balanced designs, in which the 
ent tasks 


ay have been compared. have used 
same men have performed a number of differ- 
close Succession. Such desi 
fer effects betwee 


7 trical trans- 
gns often produce asymmetrical t 


are quite unsuitable for this kind of re- 
1965). Where the 
n held constant over al] the 
man, the pursuit displ 


satory, even when the 


n conditions, and " 
search (Poulton & Freeman, dynamics of the control ү 
tem have bee conditions performed by any onc 
ay has always proved at le 


track consisted of an irregular sinusoid with only 
als per Minute, and was conseque 
second to second. This is true 
control system ( 
craft control loo 


ne 
ast as good as the compe Ae 
six 


or less rever 


i i | from 
ntly highly predictable fro 


; rate 
tional control system and a ra 
Problem € 


ate and acceler, 


both for à pos 
Heinemann, 1961, 
P containing r; 
Birmingham, & Taylor, 1956) 

When, however, 
plicated the expe 
found to give be 


) and also for a simulated ип 
ation components (Chernikolf, 


a number of var 

rimental design, the 
tter scores than the pursuit displ] 
track. In one experiment positional, rate, and 
were used in random order (Chernikoff & Taylor, 1957). In the 
ment positional, rate, and acceleration contro] 
mayer, Swartz, & Muckler, 1961). 
any theory. If switching be 
of the characteristics of his 


tions in the control system have com- 


Compensatory display has twice been 
ay with a low-frequency 


rate-aided control systems 


other experi- 
Systems were used (Ober- 


These results are difficult to explain on 
tween contro] Systems 


present System, the 
been of more help to him than the 


the confused experimental de 


made the man less sure 
pursuit displ 
compensatory, One 
signs caused the 
to the more difficult compensatory display, 
normally easier pursuit display suffe 


ay should have 
сап only ass 
man to adopt 
and that perfor 
red accordingly, Wh 
can have taken is unclear, since the expe 


ime that 
a Strategy suited 
"mance with the 
at form this strategy 
rimenters were not sufficiently 


"hem worthy 


aware of the importance of strategies in tracking to ЗАМА, 
of recording. 


Ln oe xs 
QUICKENED AND Prepicror Dispi 


With complex control systems of relatively high order 


tis p ›в е to 
ve the а of the necessity of leaning t e dy ies c 
relieve nam 


of the system by 
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presenting him with a display which takes them into account. A quickened 
his control in order to achieve and main- 
gham & Taylor, 1954, 1961). 
il to the size of the dis- 


nsatory, but somewhat 


display shows the man how to move 
ae the required output of the system (Birmin 
le has simply to make control mov ements proportions 


in be pursuit or compe 


ий aea T A Р 
played error. The display itself е: 
two cases to take account of 


different quickening circuits are required in the 
the man’s tendency to anticipate with the pursuit display and to lag behind 
with the compensatory. Quickening the 
by the man from tracking with a complex 
What appears to him to bea positional cont 
e system. 

to track better simultaneously in 


display changes the task performed 
control system to tracking with 
rol system without lag. He can 


thus greatly reduce the output error of th 

In one demonstration the man was able 
ickened displays than 
1956). This is because the man has 
to understand the system he is 


tempted not to bother to 


four dimensions with qu in one dimension without 


mi kening (Taylor & Birmingham, 
s К 
imply to do as he is told; he does not have 
le may in fact be 


TE 
ntrolling in order to control it. I 
disastrous in a sudden emer- 


Understand what is happening. whi 
gency, A second disadvantage of a quic 
Systems: inflexibility. The system works well only 
lo those for which the quickening circuits were designed. If the display has 
been fully quickened, the task does not 
an airplane the autopilot can be used. 
Status information from his displays, to 
If he does this, he 
mney than if he has had to spend his time tracking. 
he necessity of learning the 


ch could be 
kened display is shared by automatic 
under conditions similar 


in fact require a man at all; in flying 
This leaves the man free to obtain 
check that the quickening circuits 
we functioning properly: should be in a better position 
to deal with a sudden emerge 
Iso relieves the man of t 


A predictor display а 
In tracking in one dimension the ordinate 


d ы А ч 

Ynamics of the control system: 
bj 73 „ 5 
hows the man the difference between the re 
the predicted output, while the abscissa extends this information from the 


Present time into the future. The man can see 
Control movements will have, and can adopt control movements which will 
bring about the required output of the system (Kelley, 1962). This display 
Should reduce the difficulty of tracking with a wamplex centre system, and 
also reduce the size of the error of the 


cally adequate quantitative results eve 
as the quickened display. Some flexibility 


quired output of the system and 


what future results his present 


control-system output, but no statisti- 
r appear to have been published. It 


suffers s 
; ifers the same two disadvantages 
is avail: à 

available in that the man can select 


204 Send: ; 

goal, depending upon how quickly he 
ditickene У Е NE а 
tuickened display only опе path is offered. But both display systems can 


any one of a number of paths to his 
wishes to achieve it, while with the 


work we FM —— кү" 
rk well only under conditions similar to those for which thev were 


designed. 
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Displav MAGNIFICATION 


Battig, Nagel, and Brogden (1955) 
size of linear magnification of 
periment used separate 
question of the results being due to 


When the magnification is too low 
rate of moveme 


have shown that there is an 7 
a display in compensatory tracking. sa dei 
groups of men for each size of display, so pa a 
a central tendency effect within subjec 1 
, the man cannot see the misalignment | 
nt sufficiently well, This applies to pursuit tracking as jn 
às to compensatory (Hartman & Fitts, 1955). It appears to make little e = 
ference whether in angular size of movement at the eye E 
achieved by decreasing the size of the movements in the display, or by 8 = 
ing the man further from the display than the optimal distance of 18 inches 
(Seidenstein, Chernikoff, & Taylor, 1960). 

When the magnification is too high, 
pear from the face of the display ev 
large or the man makes 


the decrease 


the moving marker is liable to — 
time the amplitude of the track is d 
а large error. Thus with а compensatory display and 
tracks of constant amplitude, higher frequencies Which result in larger 
errors call for smaller magnifications; and early in practice when the errors 
tend to be large, the amplification has to be less than later in practice when 
the errors tend to be smaller (Bowen & Chemikoff, 1957). 
The marker can be prevented from dis, 


rials = М Ка com- 
appearing from the face of a col 
pensatory display by the use of nonlinear display Magnification. Here the 


central part of the display, where the Moving marker spends most of its time, 
is magnified at the expense of the Peripheral part where the marker does not 
go so often. By a skillful selection of the nonlinearity function, it might in 
benefit of m 


principle be possible to obtain the @gnification without the dis- 
advantage of losing the marker, However, the results have so far been disap- 
pointing; exponential nonline; appears to be no improvement 


ar magnification 
on linear magnification (Bowen & Chernikoff, 1957). There аге two obvious 
most important, People are not used to 


reasons for this. First, and probably 

nonlinear displays where the center is magnified and the Magnification falls 

off symmetrically in both directions. The control system appears to become 

“sluggish” whenever the display marker is in the periphery, 
ated centrally, Se, 


whenever the display marker is loc 
stages of practice 


lnot be Optim 
of practice when his error distribution is taller 


and "overactive" 
cond, the nonlinear 
When his errors have 
al for him 
and narrower, 


function suited to a man in the early 
a wide distribution with a long tail wil ata later stage 


DisPLAv DEGRADATION 


Intermittent Displays 


Poulton and Gregory (1952) reported that occluding a pursuit display 
ou L ае: е * еа a rel; 

hanically for .25 second every 1.25 second produced a reli 

mechanically о: 


able deteriora- 


TRACKING BEHAVIOR 375 


Нат in tracking, The task involved a positional control, and a track consist- 
ey of a combination of 3 sinusoids, the fastest of which had a frequency of 
em cycles per minute. No reliable deterioration was found in tracking a single 
Sine wave of 25 cycles per minute, presumably because the track was more 
predictable. Thus a quasi-random track needs to be seen all the time; occlud- 
ing the display even for the duration of a blink may lower the standard of 
performance. This explains why increasing the 
ses the error (Briggs & Howell, 1959); the man 


lays alternately. 


angular separation of the dis- 


Plays in dual tracking iner 


then has to look at the two dis 
Mluminating the pursuit display of the Pedestal Sight Manipulation Test 


Mtermittently at different frequencies ran into the difficulty that the bright- 
Ness of the target was affected by the frequency of the illumination (Battig 
et al., 1954), and that target brightness affected. tracking efficiency (Voss, 
195 ). With brightness held constant, the 
of flashing increased from 2 to 16 times pe 
remained constant at 50:50, the duration of the occlusions fell from .25 to 
03 second, at which value the display appeared to be illuminated all the time 
(Battig, Voss, & Brogden, 1955). Thus where a tracking display is presented 
9n an oscilloscope B5 the use of time sharing, the frequency of switching 
Should be at least about 16 times per second. Above .25 second the same re- 
lationship holds: the longer the duration of the occlusions, the greater the 
tracking error becomes (Poulton, 1952b; Katz & Sprags, 1955). 

If one of the two display markers can be seen all the time, the other only 
intermittently, the man can do quite well after practice with a positional 
control as long as it is the track marker which he can see. For his control 
movements give him an indication of the movements of the response marker. 
If the track marker is visible only intermittently, seeing the response marker 
all the time is less help, although it is preferable to seeing both markers only 


intermi 57. 
itermittently (Poulton, 1957a). 
v can also be generated by converting a sinusoidal 


time on target increased as the rate 
r second. Since the on-off ratio 


, An intermittent displa 
function into a series of ste 
interference with accurate tracking. 
the track is shown as a series of ste 
and in compensatory tracking whe 
(Hunt, 1961). 


p functions. The larger the steps, the greater the 
This holds both in pursuit tracking when 
p functions (McConnell & Shelly, 1960), 
n the error is shown as a series of steps 


Noisy Displays 

Masking the movements of a display marker by adding visual noise pro- 
duces a deterioration in the accuracy 
tracking, hich Snerenses with: the amplitude of the noise. In pursuit track- 
We with a positional control the effect on the individual display markers is 
rather similar to the effect of intermittent viewing: noise added to the re- 


of both pursuit and compensatory 
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{ ; А — — rker, it 
sponse marker is least detrimental. If noise is added to the track y » yp 
makes little difference whether or not noise of similar amplitude is adde hs 
“т 5. PW 
the response marker (Howell & Briggs, 1959). In compensatory trac king j 2 
; á А а tur- 
а complex displ representing the interception of a 


‚ added 
Fitts, and Bahrick (19574) found that noise adde 
affect the rate 


ay and control system 
get by an aircraft, Briggs, 
to the display did not 


á Е : . N evel 
nof learning; it merely depressed the 1 
of performance, 


Delayed Displays 


Warrick (1949) introduced 
in compensatory: tr 
his error 


а simple tr 
acking with a positio 
function until sometime 
accurately he 


ansmission time lag into the display 
nal control, The man could not - 
after he had responded. In order to trac 
n of his own reaction timc and die 
“posed of sine waves of 6 and 30 cycles ре! 
as 04 second produced а reliable deterioration M 
performance, although Warrick states that lags of 06 second and less are not 
normally noticed by the man. However, with a single 
per minute, little deterioration in performance wi 
second. This was presumably because th 
sine wave with a constant Phase adv 
Filtered Displays 
Garvey, Sweeny, 
lag into the display 
not only produced 


had to compensate 
display time lag. With a track coi 
minute, a lag as short 


for the sui 


sine wave of 6 -— 
as found with a lag of .0f 


se the 
© man had merely to reproduce th 
ance, 


and Birmingham (1958) 
in compensatory ty 
a delay before 
also attenuated the higher fre 
the track or by the man’s responses. The man 
which was both delayed and distorted, The 
good was the display, and hence the 


inserted an 
racking with a positic 
the man could see the error function, but 
"quencies in the error, whether 


exponential timc 
mal control. This 


introduced by 
thus Saw an error function 
longer the 


time constant, the less 
greater was the tr, 


acking error, 


MvrriPLE. DisPLAvs 


With two simultancous tracking t; 


requiring separ 
displays are 
and eye movements are minimized. With tw 


ate displays, pe 
close together, since head 


9 or more displ 
of the compensatory display is an advantage, 


formance is more accurate when the 


ays the fixed zero 
since the zeros can be related 
accurate when for 
the moving display markers are all aligned and face the 


to each other systematically; tracking is most ZETO iinr 
same way. With two 
> Performance is best with the 
zeros at 12 o'clock, while with the dials side by side the zeros should be at 


9 o'clock (Fitts & Simon, 1952). Even two dials side by side with the 

9 ocloe * Б Am "pes 

5 l at 12 o'clock may prove such an effective combination that comp: 
xed at 12 ш. 


circular dials arranged one above the other 


Zeros 
ensa- 
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torv tracki : 
У tracking using rate controls becomes more accurate than the correspond- 


ie zeros (Regan, 1959). 
king tasks have to be carried out simul- 
ated by using the x and y coordi- 


ing NES в 3 ; 
g pursuit tracking with wanderit 
Where two one-dimensional trac 


tane » Р 
icously, the two displays can be integr 
Tracking then. becomes more accurate 


Itancously (Briggs & Howell, 1959). 
same in the two dimensions, 


nate F 1 

| tes of a cathode ray oscilloscope: 

ECAUSE ; 
cause the two tracks can be seen sim 


If the : н 
Г the dynamics of the control systems are the 
ing the number of display 


an additi А 
n additional advantage may be gained by reduc 
1 dimensions (Chernikoff 


marker А , ; 
rkers and making a single marker move in bot! 


& LeMay, 1963). 


S О 
ENSORY DIMENSION 


Visual Displays 

The usual tracking display 
and direction. This is clearly х0 much better than most other sensory di- 
il studies have been reported comparing it 
menters appear to have been satisfied 
rticular sensory dimension is feasible. 


uses the sensory dimension of visual length 


mensions that few experiment: 
with others. In some cases experi 
Simply by showing that tracking in a ра 
The best alternative visual display so far discovered is a pair of flashing 
lights, mounted cither one above the man’s eyes 
each side (Brown, Holmqvist, & Woodhouse, 1961). When a light flashed, a 
joystick had to be moved in the corresponding direction, the size of move- 
Ment being related to the rate of flash. A light started to flash at a rate of once 
2.5 times per second by the time the target area 

ster was the rate of flash. In tracking 


and one below, or one to 


Der second, and was flashing 
had been left. The larger the error. the 
both step functions and an irregular sinusoid, this display was found to be as 
good as a rather small and poorly designed compensatory display using visual 


length. Its disadvantage was the 
Mension other than visual length: 
the control. Its advantage 
direction in which to move his control. 

ess good under normal conditions 


usual one of displays using a sensory di- 
ate of flash 
was the very clear indication 


sy to tell from the 


it was not e 


Just how far to move 
Which it gave the man of the 
| An alternative visual displ: 
involves brightness. In compensa 


difference in brightness was found te 
after prolonged practice (Moss, 19644). It 


у which is 1 
tory tracking with a positional control, a 


) give a larger mean error than a corre- 


sponding difference in length, even 
Was only in peripheral vision that the differential brightness display proved 
superior, As the angle subtended at the eye 
om 0° to 45°, the mean tracking error 


between the man's fixation point 


and the tracking display increased fr 


wi А E s 
ith both displays increased by а factor of about 4. There was then a small 


out reliable difference in favor of the differential brightness display (Moss 


378 Е. С. POULTON 


1964b). However, a display involving visual length especially designed for 
use in peripheral vision with large bright markers might have been at least 
as good. 

Visual movement is not a good sensory dimension for tracking. Holding a 
display marker still using a positional or rate control, and moving a response 
marker at the same rate as a track marker, all gave reliably worse results 
than tracking with the corresponding display where rate w 
visual length (Poulton, 1965). Like brightness, move 
into its own in peripheral vision. Move 


as converted to 
ment probably comes 
ment in peripheral vision is not as 
good as visual length in central vision (Brown et al., 1961), but it has not been 
compared with visual length in peripheral vision. 

Tracking in the dimension of visual depth by means of stereotelevision 
has been shown to be feasible, but has not bee 


n compared directly with con- 
ventional tracking (Gould & Smith, 1964). 


Auditory Displays 

Mowbray and Gebhard (1961) summarized the 
tory and visual displays in tracking. The first comparison involved three- 
state compensatory tracking. With the visual display, being off course to the 
left or right was signaled by the illumination of a light on the left or right. 


No light indicated when the subject was on target. With the corresponding 
auditory display, a sound presente 


d to the right or left ear through head- 
phones signaled being off course to right or left. No sound to either ear in- 
dicated that the subject was on target. The auditory and visual displays gave 
equally good results with a positional control after practice, although the 
auditory display took longer to learn. But when s 
well as direction of error, the auditory display fell 
time, with the auditory display “on t 
sound in both ears, which m 


only comparisons of audi- 


€ of error was signaled as 
ar behind the visual. This 
arget" was signaled by a continuous 
ау not have been so easy to discriminate from a 
sound in one ear only. Size of error was indicated by the rate of interruption 
of the sound. The visual display was a cathode-ray tube which showed size 
of error as a displacement from the target marker. 
ing-light display (Brown et al., 1961), perform 


have been improved by dividing the targe 


By analogy with the flash- 
ance on the auditory task might 


t zone into two, and presenting an 
interrupted sound to the ear corresponding to the position of the error marker 
in the target zone, instead of the continuous sound to both ears. But whether 
this would have brought the error down to the leve] achieved with the dis- 
play of visual length is problematical. 
Feasibility studies only have been made of 
full advantage of the directional information av 
alternately. All have used constant-ve 


auditory displays not taking 
ailable by using the two ears 
locity or ramp tracks 


For loudness 
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compensatory tracking involved memorizing a 1000-cycle-per-secor.d tone 
presented at a loudness level of 40 phons for 3 minutes, and then maintain- 
ing this level of loudness using a positional control against changes of .76 
decibels per second introduced by the track. This is compensatory tracking 
without a fixed reference marker. Confining the task to one ear, and present- 


ing a reference tone of 500 cycles per second at a constant loudness level of 
40 phons to the other ear, made little difference. The mean tracking error was 
2.2 decibels for a maximum track amplitude of 20 decibels. The mean time 
lag was about 3.0 seconds, which is larger by a factor of well over 10 than the 
corresponding time lag in tracking a compensatory display of visual length. 
Pursuit tracking involved adjusting the intensity of a 500 cycle-per-second 
tone to match the varying loudness of a 1,000 cycle-per-second tone. It made 
little difference whether the two tones were presented together, or to separate 
ears so that the combined stimulus could be centered in the head. Here the 
mean tracking error was 3.3 decibels (Pikler & Harris, 1960). 

For pitch compensatory tracking involved memorizing a tone of 250 
nted for a minute, and then compensating for a track 


cycles per second prese 
or 5 eps per second. Even 


containing ramps intermittently of 1.25, 2.5, 
after practice tracking was so erratic that only two measures were taken: 
(a) The time lag at a change of rate in the track. This was largely determined 
by the difference of 5 cycles per second which is required at this frequency 


to discriminate an absolute difference in pitch. Thus the time lag was longer 


with the slower tracks. (b) The constant error in pitch when the track and the 
response function were both stationary. This was about 3 cycles per second 
independent of the rate of the track, but 
250 cycle-per-second tone. 


after 5 minutes of tracking. It we 
increased with time after memorization of the 
1 E to one ear did not help in trying to maintain 


NN н 
1 resenting a constant musica 
ir against disturbances introduced by the 


а constant musical C in the other е: 
track. Pursuit tracking, in which a musical C presented to one ear had to be 
kept in step with changes in the musical E presented to the other, was quite 
impossible for some people. Apparently it generally takes several seconds to 
set up the musical interval, and this could not be done while the musical E 
Was changing pitch (Harris, Pikler, & Murphy, 1963). | 
Compensatory tracking in a simulated aircraft has also been carried out 
] ying simultaneously in three sensory dimensions: 
ine side to the other, a rise or fall in pitch, and a 
as claimed that people could track as 
ay as by obtaining information sep- 
t of visual displays (Forbes, 


With an auditory signal var 
apparent movement from one 
rate of interruption. After training it W 
Well with this combined auditory displ 
arately about the three dimensions from a зе 


1946). However, а properly integrated. visual display, which would have 


been more comparable to the combined auditory display, was not used. 
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Vibratory Displays 

A compensatory vibratory display using apparent movement over the 
skin has been constructed by strapping three vibrators to the chest wall. 
The direction in which to move the control was indicated by the order of 
activation of the vibrators, whether from left to right or from right to left. The 
larger the error, the more frequently the composite signal occurred. Track- 
ing with this display was found to be at least as good as tracking with the 
corresponding visual display of 3 lights (Geldard, 1961): but 
vis 


as we have seen, 
1al movement is nota good sensory dimension for tracking. 

Vibrators have been attached to the thumb and 
lever control, to indicate the direction only of the r; 
The man had to track in one dimension with ac 
senting an aircraft. The track consisted of ste 
pensatory visual display as well as the vibr: 
was found to be more accurate than tracking without (Hirsch & Kadushin, 
1964). Apparently the value of the vibrators was in calling attention to small 
changes in rate when the visual display was almost stationary. With a control 


system of high order, this reduced the e and number of the oscillations 
about the target. 


index finger holding a 
ate of change of the error. 
omplex control system repre- 
р functions, and he had a com- 
ators. Tracking with the vibrators 


N 


The Control 


KIND оғ Coxrnor. 


Most precise tracking is ichieved using the muscles of the hand and wrist, 
as in writing. When the task is easy there may not be much to choose between 
a joystick operated by the thumb, the hand, or the fore 
cult conditions of a sensitive rate control with an exponential time lag of 2.0 
seconds, the hand joystick is found to be reli 
tracking, and the forearm the slowest (Hammerton & Tickner, 1966). This is 
presumably because the hand is designed and used all the time for precise 
movements. The thumb, which is used in gripping, does not normally have 
to make such precise movements. And the fore 1 
strength as for precision. Foot c 


arm. But under diffi- 


ably the quickest in step-function 


arm is designed as much for 
ontrols permit the usc of still greater force, 
but with still less precision (Morgan et al., 1963, p. 265). 

For pursuit step-function tracking in two dime 
control system without lag, a stylus control he 


moved over the surface of a cathode- 


nsions with a positional 
ld like a pencil and actually 
ray tube display is 
as a 6-inch joystick operated by the hand (Baker, 
vantages of the stylus are, 


about twice as quick 
1960, p. 157). The two ad- 
first, that it uses the greatly 
ments of writing and drawing and, second, the tip of the 


overlearned move- 


stylus either is itself 
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the display marker, or else it is located over the controlled display marker. 
This is the most compatible control-display relationship other than moving 
the display marker with the fingers (see below). Where the movement of the 
directly to the movement of the stylus, 


display marker does not correspond 
d and the advantage of almost maximal 


the two cannot remain superimpose 


his is the case in compensatory tracking, and in pursuit 
E 1 


compatibility is lost 
tracking where the dynamics of the control system tr 
of the control. It might then be equally good to let the stylus write on a 
у tube, as Elkind did (1956), although nobody appears to 


ansform the direct output 


separate cathode 
have checked this. 

A rolling-ball control of 5-inch diameter is not muc 
hand for control displacements of up to 180° of ball 


for larger displacements (Thorn- 


h slower than a 6-inch 


joystick operated by the 
rotation. But it becomes progressively worse 
ton, 1954). 


Compatinnary or. Coxrnor, WITH DISPLAY 

tible control is the display marker itself. When the 
simply takes hold of it and moves it di- 
leal, the simpler the 


The perfectly comp: 
man wants to move the marker, he 
rectly. The nearer the control can approach to this ic 
coding problem becomes for the man. In order to minimize the coding prob- 
lem the control should be mounted as close as possible to the display, should 
display marker, and should have the mini- 
the direct relationship between 


> 


Move in the same direction as the 
mum of control-system dynamics upsetting 
control and display movement. 
Compatibility is particularly impor 
since the only way in which the man can dia 
turbances fed into the error func track is by computing the control- 
system output function and subtractin displayed error function. 
This may be too difficult if à complex transformation is required in order to 
Compute the output function from the control movements. With a control 
System of high order, partially quickening the display by adding a posi- 
a directional compatibility between control and 
erformance (Garvey & Taylor, 1959, 


ontrol system, or with a con- 


tant when the display is compensatory, 
gnose the nature of the dis- 


tion by the 
g it from the 


Чопа] component produces 
display movement which can improve р 
Exp. I). A disadvantage of tracking with a rate с 
ol system having rate as its lowest component, 
ement of the control and 
wele. The same holds fora minus-first- 


is that the directional re- 
the output of the control 


lati “Wh; 

tionship between the mov 

System is likely to reverse twice per c 
* " = Q3; 

order or differentiating control system (Poulton, 1963). 


with a two-dimensional display, as on 


A single joystick is more compatible 0 : 
rs for movements in the x and 


are two leve 


ac : 
cathode-ray oscilloscope, than і 
е dynamics of the 


Y pk 5 control system are 
U planes, respectively. Thus where th Е 
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the 


same in both dimensions, tracking is more accurate with the single joy- 
stick. But where the dynamics are different for the two dimensions and do not 
interact, the man has in effect two separate tasks to perform. In this ЗЕ 
separate controls are best (Chernikoff & LeMay, 1963), presumably because 
they help the man to distinguish between the two control systems. 


ControL Gain 


The classical work on control gain was carried out by Jenkins and Connor 
(1949) using a rotary positional control 


and step functions. They found that 
there was an optimal amount of g 


ain for a display movement of a given size. 
If the control had to be rotated much further than this, it took too long to 
bring the display marker up close to the target 
rotated a good deal less than this, the 
relatively small movement of the 


- If the control had to be 
final alignment took too long, since a 
control produced an unduly large move- 
ment of the display marker. The best value of gain produced a relatively 
quick movement of the display marker to the region of the target, followed 
by a relatively quick final alignment. Changes of gain in either direction led 
to slower acquisition of the target, so that the rel 
tion time and control gain was U shaped. 

The conceptual model of an optimal control gain has to be modified when 
a joystick control is used, since a joystick does not normally move further 
than 90° on either side of its central position. It is almost-as quick to move 
a joystick through 90° as through а smaller distance. There is nothing 
to correspond to the numerous full rotations of the control knob which were 
sometimes required in the classical experiment. Thus with 
tional control the optimal gain is obtained by e 
movement with the maximal required move 
the relationship between acquisition 
(Jenkins & Olson, 1952) 
order the maxim 


ationship between acquisi- 


a joystick posi- 
quating the maximal joystick 
ment of the display marker, and 
time and control gain is J shaped 


For the same reason, with control systems of higher 
al joystick movement shotild be e 


quated with the maximal 
system output (Hammerton, 1962). 


CONTROL RESISTANCE 


Howland and Noble (1953) compared diffe 
resistance in compensatory tracking of 
found that simple spring 


rent combinations of control 
а15 cycle-per-minute sine wave. They 
centering gave the greatest time on target. Next best 
was spring centering combined with viscous resistance, and then viscous 
resistance alone. All these conditions were better than 
resistance. Inertial resistance gave the smalle 
itself or combined with the other forms of re 

The advantage of spring 


a control with minimal 
st time on target, whether by 
sistance. 


centering is that the spring resistance gives the 
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man a sensory indication or “feel” of the amplitude of his control movements 
n is particularly useful to him where he cannot obtain the information di- 
— from the display. This is the case when he has a compensatory display, 
as in the experiment of Howland and Noble, when he has to alternate his 
attention between two tracking tasks (Briggs & Wiener, 1959), and when 
complex control-system dynamics intervene between a control movement 
. In compensatory tracking 


an —À 4 ч 
d the corresponding movement in the displa 


with c à ; А x . l р 
! complex dynamics representing an aircraft, Briggs et al. (1957b) found 


that i ri Һ р Е A 
a spring-centered control which had an appreciable amplitude of move- 
met O—Ó ч 3% » 

it was reliably better than a spring-centered pressure control which 
all-round control for the man to use is one in which 


did not. Thus the easiest 
esistance indicate to him his present input 


both i n 
oth its position aud its spring г 


i А 
nto the control system. 


Control Re: istance for Special Tracks 

In a theoretical paper Bahrick (1957) stated that spring resistance is most 
Suited to accurate positioning, viscous resistance is most suited to achieving 
an accurate rate of output, and inertial resistance is most suited to achieving 
an accurate amount of acceleration. This is because the man uses force as a 
эзе and a given force produces a given displacement with spring resistance, 
a given rate of displacement with viscous res 
The usefulness of vise 
riment in which the man first made cir- 


ial guide and a metronome, and 


ice, and a given accelera- 


tic f x м а M 
t m with inertial resistance. ous and inertial resis- 
Йө welt н 

ce was demonstrated in an expe 


ments with a vis 
kinds of control resistance produced 


and in the peak velocity (Bah- 


cular ; à 
lar and triangular mov 


then y 
ten reproduced them without. Both 


ed of movement 


Biber waka ЕН 
tter uniformity in the spe 
more practice was required be- 


Tie A : 
nieh; Fitts, & Schneider, 1955). However, 
Өте the value of spring resistance in producing greater accuracy of position- 
ing could be demonstrated (Bahrick. Bennett, & Fitts, 1955). A theoretical 


‘lifficulty in interpreting the results is that the arm itself supplies both 
d this has to be added to that of the control. 


tions of control resistance and control- 


int-velocity tracks 


i 'Scous and inertial resistance, ап 

7 If Bahrick is correct, two combina 
System dynamics are suitable for const 
control with viscous rt 
acceleration tracks 
stance, and a positional 


a spring-centered 
stance. And three 


oe and a positional 
ace inations are suitable for constant: | 

control with vis 
It is not know 


a spring-centered 


Н. leration control, a rate cues | £ 
Ntr nth ; В с hich combination is in fac 
ol with inertial resistance- i which 
ie йс 
easiest to handle. 


Other ; 
ter Uses of Control Resistance 


Frieti 3 
Iction, a constant resistance 


tro] . 
сап be moved, generally lowers the 
es the 


overcome before the con- 
acking (Helson, 1949). 
ion of the position 


has to be 
standard of tr 
man no indicat 


which 


|] 
nlike А — . — 5 
ke spring centering, friction SIV 
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à nt, 
` P т us a " novemer 
of his control. And when he reverses the direction of his control 1 

there is a kind of dei 


ired to 
Ў К {отсе requirec 
ad space Corresponding to twice the force i 1 
Overcome the friction, over 


Position of the control, 
However, 


in the 
$ 39 5 change in th 
which changes in force produce no chang 


resis- 
И Ө : 2 P ре rol resis 
in designing a control for a Particular purpose, conti 
required for other re; 


asons. Control resistance helps to a 
ation of the Control, or else helps tà minimize the goal 
accidental Operation. Also control resistance helps to filter out tremor s 
sudden jerks in the controlling limb, Which may result from vibration | 
sudden jolting of the vehicle in which the control 18 mounted (Morgan % 
1963, p. 256). 


tance may be 
accidental oper: 


The Control System 


ORDER оғ Coxrnor, 


The control s ystem most suited to hum 
positional, for there js an immediate and obvious re 
trol and display movements. In order to 
to move the control the 
whereas with a first-order 9r rate-control Syste: 
sary: one to put on the rate of movement 
when the target has been reached, With 
system at least three movements 
which in time Produces ther 


an capabilities is zero order 2 
lationship between A 
a target it is only neces 4 uy 
ance in the correct. direction, 


acquire 
sponding dist 


corre: 


m two movements are neces 
> and another to take it off again 
а second-order or acceleration-control 
ere required: one to put on the acceleration 


rate of Movement, Опе to take off the rate дме 
ment again, and then а final movement to return the control to the centra 


position. Also movements after the first have to be Correctly timed. It is neces- 
sary to start to remove the acceleration little before the ached, 
or the rate of the movement of the display indicator 
And the control has to be returned to the central Þosition as the indicator 
comes to rest, or it will be left with a residual velocity, With a third-order or 
“jerk”-control system, a still more complex serie 

necessary to acquire the target. With 
control system the target can be : 


the target is 
" P - t. 
Vill cause it to overshoo 


5 of contro] movements is 
a Minus-first-ordey or differentiating- 
icquired Simply by moving the control at 
the correct rate; but the rate has to be maintaineq ог the display indicator 
returns to its starting point. 

An aided control < 5 two or more 
example, a control movement may move the 


stem combine: 


orders of control. For 


display indicator directly, and 
also give it a rate of movement in the same direction, If а control system has 


to have components of higher order, it should also have д bositional com- 
nt if at all possible; thus it should be aided rather than pure rate, А pure 
poner at d * 
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rate-control system is suited only to tracks of practically constant velocity. 
r results with a rate control, the highest 


For a sinusoidal track to give bette 
at the sinusoidal track almost re- 


frequency in the track has to be so low tha 


sembles a constant-velocity track. 
rnikoff & Taylor, 1957), from which it 


The much-quoted experiment (Che 
er than a positional system for 


19 claimed that a rate-control system is easi 
frequencies below about 10 cycles per minute, 
ects using the 
(1953) had already. shown that, 
á positional-control sys- 


should never have been de- 


Signed with all experimental subj positional, aided, and rate 


controls in balanced orders. For Lincoln 
r in changing from 
n changing between aided- and rate- 
anging from cither of 


Whereas there is positive transfe 
tem to either of the other two, and whe 
control systems, there can be negative tra 
these two to the positional-control system. At 
fer effects the highest frequency in the track has to be 1 to2 cycles per minute 
stem ceases to be optimal. 


nsfer in c 
a guess, in the absence of trans- 


or less before a positional-control sy 

With track frequencies of 40 cycles per minute, а minus-first-order control 
System which differentiates the man's response is almost as good as a zero- 
order or positional-control system (Poulton, 1963a,b). This is because with a 
differentiating control system the man can change the position of the display 
Marker simply by changing the rate of his control movement. 


Сохто, Time Lacs 


Transmission Lag 
lag the control system does not respond 


With a simple transmission time ‹ 
and then the normal effect of the control 


When the man first moves his control, 
Movement appears. A transmission lag limits the frequencies of an irregular 
track which can be dealt with. Ifa quart 
lag, the track is correcting itself at this fr 
control movement can take effect. If a full half-cycle elapses during the time 
lag, a control movement aimed at correcting a track displacement at this fre- 


quency will in all probability produce an е 
sensate for the time lag is by knowing what 


er of a cycle elapses during the time 
equency before the corresponding 


rror of the opposite sign. The only 


way in which the man can com! 


the track will be doing at the co 
vith predictable tracks. 


rresponding time ahead, and responding 
accordingly. This is only possible w 


Exponential lag 

This is the commonest kind of time lag in electronic equipment. Some- 
thing happens almost as soon as the man moves his control, but the full effect 
of the control movement only appears gradually, following an exponential 
time function. In tracking step functions with a lagged positional control 
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system, the man has to move 


Р в " shen using a 
his control further than he does when t 
control system without a lag, 


М M. : quickly. 
in order to reach the target reasonably q m 
eap К de Y 4i in con 
An exponential time lag is thus somewhat similar to a reduction in 

gain. When these two independent v 


ariables are v; 
the same experime 


"ied simultancously S 
ntal subjects, the optimal gain is found to be higher with 
long lags than with short (Rockway, 1954). 

Having produced a relatively quick 
by a large control movement, ial 
which will gradu a result of the remainder of the exponentia’ 
time function. This means moving the control back to the other side of its 
final position as determined by the size of the 
mainder of the initial exponential time 
the control out again to its final Dositio 
far out, back a good way, and the 
direction to the 


г Я Ж : icator 
Movement of the display ind 


Y ershooting 
the man then has to avoid the overshe 
ally occur as 


step, in order to cancel Ше Д 
function; and then gradually moving 
n. The three successive movements 
n finally out à bit further 


correspond in 
required in 


А 4 ith an 
movements step-function tracking with 


acceleration control. 
Sigmoid Lag 

This behaves rather like 
ponential lag. Nothing muc 
and then the effect appears gradually, 

The classical work on exponential and sigmoid time 
by Conklin (19: 7), who used a Positional с 
to 16 seconds. The longer the 
was improved by any 
ance was bette 


" > ч > xe 
a combination ofa transmission lag and an E 
h happens w hena control movement is first mac 


lags was carried out 
ontrol with time constants of UP 
lag, the Worse the man did, but performance 
condition Which as sted prediction, Thus perform- 
r with a single sine Wave than with a combination of two ОГ 
three sine Waves; and cks gave better results than a track con- 

white noise. p. > was also better with a 
And the exponential time 
а control movement, was 


all these tr 
sting of low frequency 
pursuit display th 


erformance 
an with a compensatory displa 
lag, which gave an almost immediate indication of 


preferable to the sigmoid time lag which did not. 


Time Lag and Order of Control 

The order of control of a ship or chemical plant is dete 
sing devices 
> inserting 
ample, in steering a ship down a canal, the 


rmined by its phys- 
are available, it may be 
а time lag instead. For ex- 
rudder acts like 
orresponding r 
be maintained for a while before the ship apprec 
exe directly, it is possible to build Ue 


ical design. However, if suitable s 


possible to lower the order of control 


an acceleration 
rate, and the turn has to 
iably alters its distance from 
the side of the can 
helmsman a 1 
system. With this the man simply selects the re 


control; it makes the ship turn at a c 


de. If the angle which the ship makes with al can be 
agged rate-control 
quired angle, and after the 
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time needed to move the rudder and to turn the ship, the ship assumes the 


corresponding angle. When the ship has moved most of the required dis- 
tance toward the side of the canal, the man centers his control again, and the 
ship gradually turns back onto its course parallel with the side of the canal. 

The lagged rate-control system simpli 
in a hurry. If he has to change the distanc 
control system allows this to be done, 


fies the man’s job only if he is not 
e of the ship from the side of the 
canal as quickly as possible, and the 
he has to move his control sufficiently far to turn the ship in time through 


90° or even 180°. Long before it turns as f 
toward the side of the canal. To prevent the 
his control well over to the other 


aras this the ship will have moved 


most of the required distance 
ship from going too far he has then to move 
before finally returning it to the center. This is 
o that required with an acceleration control. 
side of the canal can also be sensed 


side of its central position, 
asimilar sequence of movements t 

If the distance of the ship from the 
directly, it is possible to build the helmsman a still more highly lagged 
positional-control system. With this the 
the side of the canal; The lag then includes the time needed to move the 


rudder, to turn the ship, to take the ship closer to the side, to turn the ship 
d to return the rudder to its central 


man simply selects his distance from 


back onto its course down the canal, an 


position. This automatic system also only simplifies the helmsman's job if he 


can accept the long delay. If he is in a hurry, and the control system allows 


it, he still has to make three control movements: 
canal, then a position less far over than the re- 


first selecting a position 


too near to the edge of the 
quired end point, and finally returning his control to the position corre- 


sponding to the end point. 
hemical or petrochemical plant can combine a high 


Process control in a € 
lag. This presents the man with a particularly 


order of control with a long time 
difficult task, worse even than controlling a slow massive ship (Goldstein & 


Newton, 1962). By the time the man can see 
too late to prevent the process from overshooting 


puts his control hard over in the opposite direc- 
rate the control without any direct feed- 


tion. It is therefore necessary to oper 
back from the plant; it may be 15 or even 30 minutes before the man can find 


out whether or not his control moveme 
d, the man may be assisted by a quickened or 


thata control movement is taking 


effect, it may already be 
the required target even ifhe 


nts have achieved their purpose. If 
the task cannot be automate 


predictor display (see above). 


Contro. System Ourrur AND CONTROL GAIN 


In most engineering control systems the maximum output is fixed by the 
design. For example, a car has only a certain power of acceleration. The only 


method of increasing the control gain of the accelerator pedal is to let full 
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" : А "i ` fully de- 
power be obtained with the pedal only partly depressed, instead of full 
pressed. As we have seen, this may ver 
the foot to move the ped 
Its main effect is to re 


slightly reduce the time taken bs 
al from its zero position to the position of full power 
duce the foot's 
of power. Thus in tracking the 
full power with the 


ability to select just the required gest 
optimal contro] gain is achieved by equating 
full range of movement of the control, and the relation- 
ship between acquisition time and control gain is J shaped (Hammerton, 
1962). 


In contrast, in the laboratory the gain of 


‘anally in- 
à control is conventionally 
creased by simultaneously 


increasing the 
return to the example of the 
depression of the foot ped 


thus has more powe 


Е меш. ТО 
Output of the control syste Е П 
Р , : u 
Car, increased power is made available on 
al. In addition to 


a more sensitive control, the man 
r to use if he needs it. Any diffic 
sensitive control may thus be more than offset by th 

produces a U-shaped relationship between Acquisition time and system out- 
put, even with a joystick control. Too little bower prevents the display market 


from moving fast enough, while too much power hinders fine acquisitio! 
movements. 


i er- 
ulty caused by an 3 д 
lditi „er. This 

e additional power. Т 


ConTROL System DEGRADATION 


Intermittent Control Systems 


In contrast to the conventional 
can accept the man’s out 
vestigated rates of acce 


analog control syste 
Put only at fini 


ptance of the o 
from twice to 8 times per second. E 
accepted, the marker of the 
ment according to the dista 
since the last acceptance 


m, a digital computer 
te time intervals, Bennett (1956) in- 
utput of a velocity control ranging 
ach time the output of the control was 
compensatory display altered its rate of move- 
ince moved by the control during the interval 


With both step and constant-rate tracks, longer 
intervals gave worse performance. An added transmission 1 


larly detrimental with longer intervals between 


ag was particu- 
acceptances, 
Oscillatory Control Systems 


Owing to their ph 


cal design, hig! 


h-performance 
craft during re-entry into the earth’s 


aircraft, and space 
atmosphere, tend to oscillate as the 
pilot attempts to take them from Опе steady state to another. The long- 


period or phugoid oscillations are not very highly damped, and Are diffi- 


aimed at tracking them 
all for further 
ments. With a compensatory display and a track paci ог 


6 cycles per minute, Muckler, Obermayer, Hanlon, and Se 
that the largest period of phugoid oscillations with v 


cult to control since movements of the control stick 
out produce further oscillations which in turn с; control move- 
а sine wave of 
rio (1961b, c) found 


which tracking per- 
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formance was above the no-response level depended upon the size of the 
plitude track and high control 


contr е < A 
иго] movements required. With a low-am 
conds. But when 


gain, students could deal with a period of oscillation of 71 se 
the amplitude of the track was doubled and the control gain was halved, they 
could deal adequately with a period of oscillation of only 18 seconds. 


The Man 


Cnanes THEORY OF INTERMITTENCY 
Craik (1947, 1948) put forward the suggestion that in tracking a man be- 
haves like an intermittent ballistic servo. He responds only intermittently, 
and his responses are made without the aid of voluntary monitoring until 
they are complete. The rationale underlying the theory has been dealt with 


at greater length in the preceding pages: it takes a minimum of about .20 
stimulus. The minimum for a kines- 
5 second (Chernikoff & Taylor, 


spond to kinesthetic stimuli. 


Second for a man to respond to а visual 
ене stimulus is somewhat shorter, about 1 

952), but people are not normally set to re 
During the early part of the reaction time it may on occasions be possible to 
inhibit the response partly or completely (Vince, 1948a, Exp. 4). But later 
during the reaction time the computing system in the brain becomes re- 
fractory, It then takes a mean of about .30 second before the response can be 
amended (Hick, 1949). The time is made up of the minimum of approximately 
10 second required, as it were, to clear the computing mechanism before it 
can accept the next input (Poulton, 1950a, Fig. 4; Davis, 1956), and the .20 
Second visual reaction time required to process the input. 

Craik’s theory follows from this. First, there is a minimum interval with a 
Mean of about .30 second between response 
tracking in the early stages of practice with a constant-rate track, the interval 
averages about .50 second, most times lying between .25 and 1.00 second 
(Vince, 1948a, Fig. 2). The interval does not change appreciably with changes 
m the magnification of the display. 
of the track, the mean tracking error be 
track (Vince, 19482). The difference between the minimum interval between 
accounted for by assuming that the 


s in tracking. For compensatory 


Nor does it alter with changes in the rate 
ing proportional to the rate of the 


responses and the observed interval is 
man normally likes to see the effect of his last response before initiating his 
next one. 

Second, since it requires about .30 second before a response can be 
amended (Hick, 1949), quick responses which take .30 second or less to com- 
plete have to be made ballistically, or without the aid of visual monitoring. 
They are no more accurate when the man can see his movement than they ато 
when his vision is obscured momentarily (Vince, 1948b, Fig. 4). | 
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и : Р ч etum during 
Crucial to Craik’s theory is the concept of the point of no return c 
the reaction time. Once this point has be 
his response from being made, 
he can do anything else, The 


en passed the man cannot prenne 
and a fresh reaction time is required рее 
lengthening of the subsequent reaction time, 
due to so-called “psychological refr 
although it helps to ac 
1952, 1959). 

A point of no return is essential from ane 
1947). A servomechanism with a tr 
oscillate all the time if the 
or the acceleration wer 


s a. 3 ! theory, 
actoriness, is not crucial to thc x | 
4 k > һ "'elford. 
count for the observed time relationships (We 


y Т : бене (Carik: 

ngmeering point of view (Cr Id 

issi Жу | "ouic 
ausmission lag of .15 to .20 second we 


amplitude of the Movement it produced, the rate, 
re determine. 
when it had reached the point 
sponding to the misalignment 
overshoot. This tende 


off a ballistic move 


d continuously by the misalignment. For 

of zero Misalignment it would still be re- 
-15 to 20 second 
ney could be overcome if 
ment accurate to, 
Fig. 4), and the next movement w 
had been completed. 


К оша 
previously, and so wot i 
a rec 

а misalignment EU 
75 948b, 

say, about 10 percent (Vince, 19 


А " h КЗ ; one 
as not triggered off until the previous 0t 


Strategies to Deal with Intermittency 


In his studies of compensatory tr: 
constant-velocity track using unpr. 
that the intermittent c 


acking with a Positional control and 
acticed people, Craik (1947, р. 59) noted 
orrections of misalignment 
imposed upon them a constant rate of 
“rate aiding” of the servo е 


that the track had a const 


5 
soon came to have super- 
movement, This corresponds to the 
ngineer, and sugge 
ant velocity, He, 
ateh the track, 
error between the Program and the track. The rate cleme 
sponse could be demonstrated by unexpectedly sto 
continued to respond for a reaction time before 
was no longer appropriate (Craik, 1947, p. 

In tracking with a position 


sts that the man was aware 
as it were, adopted a program 
which seemed to him to n and then simply corrected for the 
nt in the man's re- 
pping the track, The man 
he realized that his program 
58; Vince, 19484, Big: 16). 
al control, the intermi 


чеш corrections tend to 
blend with the program and become practice (Poulton, 19574, 


d by using a track w 
resembles a series of dis ‘rete corrections, For 


velocity track used by Craik and by Ellson, Hill, 


obscured with 1 
р. 92). They are most easily distinguishe hich in no way 
this Purpose the constant- 
and Gray (1947), and the rela- 
tively fast simple-harmonic track used by Noble, Fitts, and Warren (1955) 

М a complex harmonic t 


not correct his progr. 
twice per second. He may wait until an appreciable е 
wre . E 


and by Poulton (1957a) are preferable to racks tees théh 
found that after practice the man may am as often at 
rror has developed, 
which can take several seconds (Ellson, et al., 1947; Poulton, 19574). 


In paced contour tracking also the man may not respond as frequently as 

n pa : В p 9 i 
i »er second. When he can see the wiggly line sufficiently far ahead, he 
twice per s * 
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xt. If he has time, he may 


tends to aim first at one bend and then at the ne 
oots at a bend. But he 


orrect himself when he badly overshoots or under 


tends not to worry too much about his error betwe 
1964), 


n the bends (Poulton, 


5 


ВАТЕ 


ars to Dear міти Reaction-Time Lac 


In tracking the man always carries the handicap of his reaction-time delay. 


With tracks of low frequency and moderate amplitude, this handicap of about 
i For the track will not have moved very far 
error is therefore likely to be small com- 
n from other causes. The handicap 
2 second 


2 
У second does not matter much. 
uring this time. The resulting 
ure m a 
pared with the error introduced by the ma 


re long time lags, since 


Salso not serious with control systems havi 
и. In these cases the man does 


Will be only a small percentage of the total le 
ial strategy to reduce his own time lag. 

and control systems without appre- 
of .2 second can be very damaging 
іу be able to reproduce the track 


not need to adopta spec 

But with tracks of high frequency 
ciable time lag, a human transmission lag 
lo performance. For although the man mi 
reasonably accurately after a delay of .2 second, his response function will 
be out of phase with the track. At a track f 


he will be 90° out of phase. This means thi 
t of the track which is already correcting 


he will be increasing the size of the 


requency of 75 cycles per minute 
t on the average half the time he 


will be correcting a displacemen 
itself, and the other half of the time 


k displacement. Some strategy is therefore necessary 


error caused by а trac 
lo reduce his reaction-time lag. 


Adopting an extreme strategy, the man can aim to time his responses cor- 


rectly, regardless of their accuracy. 
the track ahead, he has simply to repr 
action time ahead of his ponse indicator, 
accurately. But in pursuit 


Visible ahead, he has to predict the trac 
With regular tracks such as simple sine 


In contour tracking where he can see 
oduce the track as he sees it one re- 


which he can do reasonably 


and compensatory tracking where the track is not 


k one reaction time ahead, and re- 


spond according to this prediction. 
Waves and simple ramp tracks with constant slopes, he can predict reason- 
ably accurately with practice. Thus he can combine accuracy in both the time 
and displacement dimensions. 

But with irregular tracks accurate predictions cannot be made .2 second 
ahead, although the man can often pre 
as long as the frequencies in the track 
a compromise strategy. He accepts some degree of 


his time lag (Poulton, 1962). The higher 


dict better than chance after practice 
are not too high. In these circum- 


stances 


he tends to adopt 
спот in prediction in order to reduce 
the frequencies in the track, the more damaging his time lag becomes, and 
hence the more extreme the strategy he is likely to adopt to minimize it. 
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Very high-frequency irregular tracks cannot be dealt with атны, ^ 
all. For the man's ability to predict the tr. iable time c " 
not far above the chance leve], And if he copies the track as he sees it, С 
Teaction-time lag means that he will be Just as likely to increase the ak 
produced by the displacement of the track as to reduce it. The ideal elec 
tronic analogy to the man’s behavior 
transmit low freque 


ack any appre 


is thus a low-pass filter since he 
neies but not very high frequencies. However, this xd 
ogy must be used only with caution, since the presence of high frequencies 
in the track tends to mask the 


h the man’s 
lower frequencies, and so reduces the n 
ability to track the low 


er frequencies (Howell & Briggs, 1959). 
SPARE CHANNEL Capacrry 


In tracking in one dimension the 


; А " А >of two 
typical display consists simply of t 
markers, one or both of w 


й > task 
hich move over and back, Right at the start the ta 
: А ч ennvels 
appears to the man to be Interesting and challenging, But soon he discove! 


what he can and cannot achieve, and settles down to give what he consider 
to be an adequate performance, А small error com 


ever effort is made is directed at Preventing or cory, 
1949, p. 495). The task is analogous to 
the man’s full channel capacity 
the suboptimal performance h 
(Kimble, 1949), 

At this stage, the level of performance “an be 
man with a challenge, For example, 
the error can be magnified. To 


shat- 
s to be tolerated, and wha 


ting large errors (1 Jelspn; 
a vigilance task, and fails to occupy 
or attention, In the case of the pursuit rotor, 
as been attributed to conditioned inhibition 


improved by presenting a 
with a compensatory display the size o 


an experienced man this appears to indicate 
poorer performance, and he tracks more accurately as a result (Helson, 1949). 
Alternatively, the man can be presented automatically With an auditory signal 
whenever the error is below a critical value (Reynolds & Adams, 1953a); or 
he can be given summary feedback after each trial (Karlin & Mortimer, 1963). 
Both forms of knowledge of results can reduce the size of the error which 

standard of performance. 


Unfortunately, a change in experimental conditions which makes the task 
harder may also present a challenge to the man. This me; 


a ans that the lower 
level of performance which is to be expected as à result of the increased 
difficulty of the task may be partly offset by the challenge effect. Tracking 


in one dimension is thus not as sensitive to changes jn Experimental condi. 
tions as are tasks which occupy the man’s channel Capacity more fully, for 
example, tracking in two dimensions (Frost, 1962) 

Sensitivity can be improved by reducing the man's 
capacity. A number of different so-called task-indueeq 
this. Garvey. and Taylor (1959, Exp. 3) compared a position 


the man will tolerate, and so raise the 


reserve channel 
stresses will do 
al-contro] system 
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with an acceleration-control system using a compensatory display and a track 
2.3 cycles per minute. After practice per- 
trol systems, although the accelera- 
stem to use. The difference in 
k for an hour nonstop; 


consisting of sine waves of 3.2 and 
formance was equally good with both con 
Hon control is clearly the more difficult sy 
Stel was revealed by (1) leaving the man to trac 
(2) reversing the usual directional relationship of control and display move- 
Ment; (3) making the man use his nonpreferred hand; (4) rotating the plane of 
h 45°, and giving the man a joystick free 
to control the display in two dimensions instead of a lever moving only in 
e man an identic: tracking task to perform with 
1 visual task to perform simul- 


track movement in the display throug! 


one di : c Ne 
ne dimension; (5) giving th 


his ; 17 
nis other hand; (6) giving him an additiona 


tanco additional auditory task to perform simul- 


y; (T) giving him an 


taneously. 
a challenge to the man with the easy control sys- 


tem, the task-induced stress appears to remove the effect of practice with 
the difficult control system, and thus reveals the difference in difficulty be- 
tween the tasks (Garvey, 1960; Fuchs, 1962). At the start of practice in com- 
Pensatory tracking the man responds principally to the size of the error which 
ight to the rate of change of the error, whereas 
of the error more into account, and 
leration of the error. At 


In addition to acting as 


һе can see, and gives little we 
after practice he takes the rate of change 
even gives some weight to the acceleration or dece 

i somewhat like an acceleration-aided servo- 


this stage the man is behaving 

ions required to do so occupy more channel capacity 
he does initially like a simpler servosystem. 
The task-induced stress removes the additional channel capacity, and the 
al behavior of responding principally to the error 
Garvey and Taylor (1959) experiment 
a positional-control system than 


syste 
ds m, and the computat 
than is required to behave as 


man returns to his origin 
Which he can see. In the case of the 
appropriate to 
to an acceleration-control system. When the stress is applied, performance 
With the positional control system thus suffers considerably less than per- 
on control system, and it also benefits more 


this simple behavior is more 


formance with the accelerati 
from the challenge effect. 


Both a task-induced stress anc 
pensatory display challenge the man. Since there is an upper limit to what 


the man is capable of doing, the combination of a task-induced stress and 
error magnification should have less effect than the sum of the two separate 
effects. This has been found to be the case (Garvey & Henson, 1959). 


1 magnifying the size of the error in a com- 


Human TnANsrER FUNCTIONS 


Engineers have developed mathematical techniques for analyzing the 


behavior of a nonlinear closed-loop servomechanism (Graham & McRuer 
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1961), and these have been used toan m 
& Krendel, 1959). Like the nonlinear servomechanisin, the man does E 
respond exclusively in ways which correlate with the track. The human trans- 
fer function thus has to have two parts 
the best linear fit between the re 
which includes those 
lated with the track. 


r (Ne Ruer 
alyze human tracking behavior (McRue 


a describing function which shows 
sponse and the track, and a remnant die 
aspects of the man’s performance which are not corre 

In using this approach it is desirable 
term, so that as much of the 
function. This is done by sele 
make the man’s re 


to minimize the size of the ӨП 
behavior as possible is fitted by the describing 
cting values of the 
Sponse as nearly 
thus as close as possible to the be 
of strategy resulting from the man’s 
it to previously stored information 
excluded if possible. Them 


ч s which 
engineering variables whi 1 
ч ; ис rack, anc 
as possible a linear fit of the track, 
havior ofa line: 


ar servomechanism. dd 
ability to Perceive the track and relate 
increase the size of the remnant and s 
an is usually give jan 
which the track is disguised by be 
If the dynamics of the 


n only compensatory display 
ing combined with the response function. 
control syste 
may be adequate by itself even wł 
with less complex dynamics it is 
man to be random. 


E isguise 
m are sufficiently complex, the disgui 

зеп the track is 
also nece 


8 Т уе. But 
а single sine wave. : 

i 1C 
try that the track appear to t 


Clearly the more successful the 
behavior, the closer the behavior must be to that of 
and the more that is characteristically hum 
had to be excluded from the study, 
function can never be more th 


describing function is in fitting the man $ 


: ism, 
à lincar servomechanisn 

А as 
an about the behavior which ha 
=x x ing 
Thus by its very nature a describing 


ап а partial description of the full range of 
human tracking behavior. 


The Describing Function 


The most complete descril 
six terms (McRuer & Krendel, 1 
(1) A gain term, relating the amplitudes of the track 
to the instruc 
according to what he thinks he is suppose 


ng function for the human being contains 
9): 


and response func- 
tions giy n 
d to do if he is ne 
engineering у 
the task so difficult that the man can see th 


tion. It is likely to vary according to the man, of 
dt specifically in- 
ariables which make 
rting more error than 
are an increase in track 
time lag, and an added control- 


contro] System is Changed, the man 
ventually compensates for this so that the combined gain of the m 
eventually 


structed in this respect. Changes in the 


at he is inse 


he is tracking out tend to reduce his gain. Examples 


frequen 4 à 
system integration. When the gain of the 


у, an increase in control-system 


an and con- 
trol system remains approximately Жы 

(2) A reaction-time term. The human time lag may be almost zeroi the 
man realizes that he is faced with a highly predictable track such as ата 
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longed ramp function or a single sine wave. But with a random-appearing 
track the average value is about .15 second. It is very much a function of the 
about.12 to .20 second. 

to the inertia of the responding limb. 
small value when a pressure 
d by the hand or thumb, to a 
e moved a good dis- 


individual man, ranging from 
A (3) A neuromuscular lag term, due 
Che lag itself can presumably range from some 
control without appreciable movement is operate 
value of perhaps -1 second when a whole limb has to b 
tance. 

(4) A first-order lead term, said to act like anti 
particularly to stability at high frequencies. The lead term appears when an 
i эу ће control system, and when the control 
to first order by the insertion of an inte- 
strategy which the 


cipation, and to contribute 


appreciable lag is introduced 1 
System is changed from zero order 
lated to the compromise 
lags. With tracks of high frequency a time 
lag of .2 second is likely 


re . Tp 5 
grator. The term is presumably re 
man ; Р $ a. 
n adopts in dealing with time 
in’s reaction-time 


lag anvw + 
tg anywhere approaching the mi 
since the response may be 90° or 


to have a disastrous effect upon the error, 
even 180° out of phase with the track. The same is true with tracks of inter- 
Mediate frequency if the control system introduces a large time lag. The man 
therefore tends tb respond to what he predicts that the track will be doing 
next. In this way he reduces the time lag, and hence the phase error, but the 
a less accurate Copy of the track. The higher the 
r will be the tendency to reduce the time 


response function becomes 
frequencies in the track, the greate 
lag at the cost ofa reduction in ассит 

(5) A first-order lag term, said to € 
s. With tracks of low frequency 
ed by the man, since it produces such a small phase error. 
| the track in order to reproduce it with greater 


у. 
ontribute particularly to stability at 
low frequencie a reaction-time lag of .2 second 
may hardly be notic 
He may lag still further behind 
Precision, 

(6) An indifference thre 
attempt to correct small errors in 
conceptual * * and only attempts to correct е 
ir to him to be leading to excursions outside 
threshold has only a minor effect upon 


shold, due to the fact that the man does not alwa 
either direction. He behaves as if he hada 
cursions outside this 


arget area,” 
area, or movements which арреа 
the area. Normally the indifference 
the describing function. 


Once the numerical values of a d 
have been fitted, they appear to hold within the limits of experimental error 


over a range of amplitudes of track, and over a range of display magnifica- 
ige in the engineering vari 
for a high-frequency track will not have the 


escribing function for the human being 


tions, But an major cha ables calls for new values. 
Thus the describing function 
same values as that for a track containing only low frequencies. Also, chang- 
ing the display from pursuit to compensatory, changing the type of control, 


or changing the parameters of the control system, all call for new fitted nu- 
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merical values. Changes in the man also mean new fitted values. Any set of 
numerical values will hold only for one 
stage of learning, with one 
tion, and when he 


Particular man, at one particular 
particular degree of fatigue or reactive inhibi- 
is using one Particular strategy. A change in any of these 
variables means a rather different se 


ibing 
al values in the describing 
function. 


tof numeri 


This makes good se 


nse Psychologically, 
bles listed above w 


ould be expecte 
escribing functior 


А у -of the varia- 
since changes in any of the y 

: ; mice 
d to result in changes in performar 


which is what the d reflects. But it means that although the 
general form of the describing function for 


the numerical values have to be c 
six terms in the de 
var 


the human being may be Known 
alculated for each detailed application. The 
scribing function in a sense correspond to the intervening 
ibles of the learning theorist, Clearly one 
wishing to proceed further with describing fun 
experiment the range of values which сас 
show in greater detail how these values 
vant independent variables. 


p 4 ineers 
of the next steps for p 

j > д iccover bv 
ctions for man is to discover 0) 
h of the six te 


„ and 
rms Can assume, anc 


are affected by changes in the rele- 


The Remnant 
This represents that part of the response in tr 
linearly to the track, Models accounting for the 
general classes (McRuer & Krendel, 1959) 
(1) Nonlinear transfer. Like the tr, 
servomechanism, the human transfe 


ы А related 
acking Which is not relatec 
remnant fall into one of three 
ansfer characteristic of the nonlinear 
r characteristic May be nonlinear. If, as 


in tracking is basically intermittent, it is 
tities when treated as 


a complete explanation is the finding 
stematically with changes in the 
ample, with the complexity of the 


seems likely, the human response 
bound to contain nonlineg 
Against this 
nant varies 


a continuous function. 
that the size of the rem- 
engineering variables, for ex- 


contro] System dynamics, and with the 
amplitude and frequency of the track. At least some of the 


be predicted from the other models. 

(2) Nonsteady operator behavior. This may occur during the 
ing period of 2-4 minutes required to calculate the transfe 
the experimenters attempts to prevent it. The man may 


riods of t 
seconds to avoid noticeable fatigue effects. Or 


5e variations can 


sample track- 
r function, despite 
become fatigued; 
acking to 45 or 60 


the man may think that he 
‘an anticipate the track and respond accordingly, instead of ге 
а 


the displayed error. “Dither” is another example of 
for by the changes in the error. Here the man wobbles his control back and 
forth while he is responding, so that his lower-frequeney responses to the 
track have a higher-frequency oscillation Superimposed upon them. If the 


many experimenters deliberately restrict pe 


sponding to 
а response not called 
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perimenter notices that the man is doing this, he can get rid of the be- 


havior by requesting him to stop it. 

А Nonsteady behavior which cannot be 
dimensional tracking. Here the man may T 
Мерве of the track of the other dimension. 
with more complex control-system dynamics is 
model. For the strategies which the man uses to compe 
x control systems. 

5 the remnant behaves 


prevented may occur in two- 
espond in one dimension to an 
The larger remnant term found 
also compatible with this 
nsate for the dynamics 


ау ' ; ч 
play a more dominant part with comple 


(3) Random variability ог "noise." In some wi 
rather like random variability or “noise” injected by the man. Increasing 
the amplitude of the track, and hence the amplitude of the man’s response 
function, produces an approximately proportional increase in the size of the 
remnant. The remnant also increases in size as the frequencies in an irreg- 
ular track are increased. For the man then makes greater efforts to reduce his 
reaction-time lag by responding to what he predicts the track will do next. 
the greater the errors of prediction. 
d with the track, and so go to in- 


"уе anes F icti 
- rhe greater the amount of prediction, 
These errors are by definition uncorrelate 
crease 

rease the remnant. 


Clearly there is something to be 
well be as complex 


said for all three classes of model of the 
remnant. The remnant may as human tracking behavior 
itself, 

esses of the transfer function approach to human 


The two main weakn 
alues of the engineering variables 


tracking are, first, the need to select v 
Which make the man behave as much as possible like a linear servomechan- 
ism. The man is, as it were, put into a strait jacket to minimize behavior 
which cannot be analyzed by the describing function. The picture which 
i rily of an impoverished range of human tracking 
ative picture, in contrast to the more 


emerges is thus nece 
behavior, However, it is a quantit: 
qualitative descriptive approach whi 
of sufficient quantitative 
justification that impoverishment is 


similar trade-off has been found to 


ch has been necessary in this chapter 
бн morenie оня вело data in most of the fields 
referred to. It can be argued w 
a small price to pay for quantification. A 
be necessary in the field ofanimal learning (Seward, 1955). 

is the size of the remnant term even after this 


ith some 


| The second main weakness 
impoverishment. Except for Elkind’s ( 
or low track frequencies, on the average about a quarter of the power in the 
ited to the remnant (McRuer & Krendel, 1957, 
tains those aspects of human track- 


1956) stylus tracking with moderate 


man's response has to be relega 
Tables 13 & 14), which by definition con 


ing behavior which do not fit the describing 
future by adding further complications 


-function model. It may be pos- 


sible to remedy this weakness in the 
tc p scribi H T H Star Ч Y > 
› the describing function. Nonlinearity caused by the man's basic inter- 
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mittency and by his change. 


а acing а 
Sin strategy could be dealt with by placing 
nonlinear “perfect rel 


ay function” 
function (McRuer & kre 


hold circuit characte sin the de 
in the future describing functions 
til they can fitas much 


ч Р i ascribing 
in parallel with the main describi ; 
E p А incorporate 
ndel, 1959). Another possibility is to incorpx | 
97 r " 32 eariy, 
scribing function (Bekey, 1962). Сеат 


e refined un- 
are going to be developed and refined t 
as possible of hum 


ris 


an tracking behavior. 


The Training Procedure 


Part TRAINING AND TRANSFER 


Unlike selective motor learning, 
the nature of any or all of four e 
and how they 


in tracking the man 
nginee 
are interrelated if 
these are interrelated; (3) the 
directions of control 


may have to le 
ring variables: ( 1) die track or tacks, 
at all; (2) the display or displays, and how 
“feel” of the contro] or controls, and how the 


and display movements are related; and (4) the dynamics 
of the control system or systems. The 


spacecraft and high-performance 
areas. In these c 


control of complex vehicles such as 
aircraft may necessitate learning in all four 
ases two distinct tr; lems May arise: It may be pos- 
sible to train a man on the tiv 
or task simplification may be more efficient; o 
so difficult that the man cannot carry. it out at 
training. To date most laboratory expe 
former problem. 
For difficult tasks some form of part or prog: 
tion suggested by the v: 


aining prob 


complete task, bu arious forms of part training 


r alternatively the task may be 
all without some form of pre- 
riments have been concerned with the 


ressive-part training is the solu- | 
ast literature оп transfer of training in verbal Tengi- 
ing, and by the smaller literature on the learning OF mater sills. However, 
after reviewing this literature Naylor (1962) concluded that with difficult 
highly organized tasks, where some form of part training is needed, whole 
training is in fact more efficient, In a difficult but not highly и coti- 
pensatory tracking task, part training was found to be the 


(Chambers, 1959); the man had to control the movements of a display in three 

controls. But when the dyn 
a two-dimensional tracking task inter- 
acted with the dynamics in the other dimension, whole training was found to 
be best (Briggs & Waters, 1958). 


Where the component parts of the task 


more efficient 
dimensions using three separate rate 


s amics of the 
control system in one dimension of 


interact with each other, task 
simplification has been suggested as an alternative to task “fractionation,” 
ee ae training has been called. An example of task simplification is reducing 


A simplific 
this kind used early in training on an air interception task w 
nis ari М 


the order of a control system from acceleration to rate, 


ation of 
hich involved a 
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good deal of display learning was found to be as efficient as training on the 
representing the dynamics of the aircraft (Briggs, 


complex control system 
also possible by display aiding or 


Fitts, & Bahrick, 1958). Simplification is 
quickening (Briggs, 1961, Exp. 1). 
Briggs and Naylor (1962) compared task 


gressive-part learning on two difficult but not ve 
vs the man had to track in three di- 


simplification with part and pro- 
ry highly organized com- 


pensatory tracking tasks. In both cas 


Mensions using a single joystick control. 
ential time lags in each dimension, 


The most complex control system 


had two or three integrators or expon 
While the less complex system had one or two. In neither case did the control 


act with those in another. In both cases 
e more efficient immediately after 
simplification, which involved re- 


dynamics in one dimension inter 
progressive-part learning was found to b 


transfer than either part learning or task 
xponential time lag from each dimension. 


thod of all, especially with the sim- 
from the progressive-part method 


moving either an integrator or an e 
Whole training was the most efficient me 


pler control system, although the difference 
However, when the man had simply to give 


the control task himself, task simplification 
ive-part training (Briggs, Naylor, 


Was unreliable statistically. 
orders, instead of carrying out 
was found to be more efficient than progre 
& Fuchs, 1962). 

This experiment illustrat 
relative degree of transfer be 
ariables have 
training periods and their distribu- 


es the difficulty of attempting to predict even the 
tween complex tracking tasks. In any particu- 
lar case many engineering v to be considered, quite apart from 
procedural variables such as number of 
tion over time. Many of these variables will almost certainly interact with 


the variable investigated in the transf 
little is yet known about even the simpler of these inte ractions. The gene 
ization that more transfer occ 
a (Day, 1956) 
difficult than the criterion task. The degree 
distance of the training task from 


fer-of-training experiment, and very 
ral- 


ult version of a task to an easier 


urs from a diffic 
should not be taken to indicate that the 


version than vice vers 
training task ought to be more 
se according to the 
he dimension under 
, Obermayer, Hanlon, Serio, & Rockway, 


of transfer may decre: 
the criterion task along t 
and the difficult directions (Muckler. 
1961). 

An additional difficulty in comparing part training with task simplifica- 
tion is in optimizing the two training procedures. This involves discovering 
just when to proceed from one stage of training to the next. It is probably 
ions separately for each person accord: 


investigation in both the easy 


necessary to time the various trans 
ing to his individual progress, so that no time is wasted once a particular 
aspect of the task has been mastered. Selecting а time which suits the average 
person may not be precise enough if there are large individual différences. 


In the case of task simplification, the dynamic trainer may be the answer. 
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Dynamic Trainers i 
These are teaching machines in which the level of difficulty is adjusted | 
the time to suit the individual's rate of improvement. Ideally he should al- 


ways be challenged without being made to feel that the task is too difficult 


for him. That the optimum is not always easy to hit on in practice is illus- 
trated in an experiment by Briggs (1961, Exp. 1). The aim was to train the 


man on a second-order ation control system. The control group 


stem, while various experimental groups 
started with a fully aided or quickened displ a rate- 
aided display to the unaided display. 
display either the man’s 


ог acceler 
practiced exclusively with this sy 


ty, and graduated vi: 
Before changing to a more difficu 

к } Ч 
performance had to show that he was ceasing te 


sent display, or the man had come to the end of the 
als permitted on the e; 


asier display. Different experi- 
re. allocated different criteria of “ceasing to improve 
much,” and a corresponding maximum numbers of tials. Briggs found that 
there was an optimal training schedule Which produced а final level of per- 
formance on the unaided display reliably better than an c 
tracking exclusively with the unaided display, 
either more or less practice on the easier displ 
ance not statistically different from tracking 
display. The latte schedules с; 


an be said to be 
sent dynamic trainers. The results thus e 


be said to work well while 
dynamic trainer it is ne 


improve much on his pre 
maximum number of tri 
mental groups we 


‘qual time spent 
Training schedules allowing 
ays produced a final perform- 
exclusively with the unaided 


failures insofar as they repre- 
plain why 
another is said not to, To produce a successful 


cessary to hit on just the right relationship between 
rate of improvement and rate of increase in difficulty, 


DISPLAY AUGMENTATION Durnin: 


one dynamic trainer may 


© TRAINING 

In scoring time on target, the man may hear his store clicking up every 
half-second or so on a counter. This augmented feedback may have two effects 
when no summary feedback is g 


iven between trials. If the visual display is 
degraded by visual noise, or as with the Pedestal Sight Manipulation Task 


the target is fuzzy and the degree of misalignment is consequently not sni 
clear, the man may use the auditory cues to augment the 
cues, and so do better. In this case, when the augmented fe 
after training, performance will return again to its level without епа 
feedback (Kinkade, 1963). 

The second possible effect of augmented fe 
occurs when the man already has a displ 


rather poor visual 
edback is removed 


edback is as 
ay which give 
tion which he requires in order to perform really well, 


a motivator, This 


s him al] the informa- 


In this case the aug- 
mented feedback produces quicker learning. and a bette 


r final level of per- 
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nted feedback is subsequently 
al motivation is obtained by 
is performing at or above his 
clicks almost all the time, 
this means either 


formance that is maintained when the augme 
removed (Reynolds & Adams, 1953a). Optim 
letting the man hear the clicks only when he 
average level. He should not be allowed to hear the 
Since he improves with practice, 
rion initially which does not turn out to be too lax 


nor only very occasionally 
having a rather strict crite 
after the man has improved, or changing the criterion as the man improves, 
so that he hears the clicks on the average for the same percentage of each 
trial. Sudden changes in criterion are detrimental (Kinkade, 1959). 

Williams and Briggs (1962) found that the man performed rather better 
with clicks when he was off target than with clicks when he was on target. 
ks to the left ear when he was off target to the left, and to 


Decus Р > 
Presenting the clic 
right, was no improvement over 


the right ear when he was off target to the 
binaural presentation during training, presumably b 
obtain this directional information anyway from the visual display. On trans- 
fer to no augmented feedback, training with the directional monaural feed- 
back gave a reliably worse performance 

tional binaural feedback. This was probably because the man had been using 
the directional monaural information, even though he did not need to so do. 

In order to obtain a reliable permanent improvement in performance with 
augmented feedback over the control condition without, it is necessary to 
withhold summary feedback at the end of each trial (Briggs, 1961). Summary 
feedback by itself does in fact produce reliably better performance than 
auditory augmented feedback by itself (Karlin & Mortimer, 1963). 

With a complex control system representing the heading control of an 
aircraft, augmented feedback only when both the error amplitude and error 
rate ffective than no augmented feedback at all. This is 
the and for an error rate criterion. 


ecause the man could 


than training with the nondirec- 


re small is no more e 
se both for an error 
Augmented feedback only w 
nore effective 
effective on an е 
dback is useful in tracking only when it 


amplitude criterion 
hen both the error amplitude and error accelera- 


tion are small is also no n than no augmented feedback by these 


two criteria; it is only more 


1962c, Exp. 3). Clearly augmented fee 
is made to depend upon the amplitude of the error. 
augmentation, used by Briggs (1962b) daring 


Another form of display 
training on a two-dimensional tracking task representing the dynamics of 


an aircraft, was to display visual in 
eration during training, as well as in 
to be no help on finally transferring to displays showing error only. A diffi- 
ee with the multiple displays appears to be knowing in what order to look 
at them. 


rror acceleration criterion (Briggs, 


formation on error rate and on error accel- 
formation on error itself. This was found 
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DISTRIBUTION OF Pnacrick 
In order to produce т 


most experimenters use 
rests between of 


apid learning witho 
periods of tr 
approximately equ 


it excessive strain on the Mere 
acking not exceeding 60 seconds, det 

al duration during which summary iini 
back can be given. Letting the man track for periods of several minutes ч 
end soon produces a decrement in performance during the trial wei 
1952). If the experiment с ad over days or weeks, there is no neec 
for the man to track for more than 5 or 19 1 
daily. The work on the distribution of pr. 
deau and Bilodeau (1961, pp. 263-268). 
has been carried out 
terion of time 


an be spre; 


а e or twice 
“Minute periods once or ids 
NEA : Bilo- 

"ctice has heen reviewed bs 


1 М racking, it 
Insofar as it relates to tracking 
almost exclusively 


on target, but Without ип, 


Massed us. Distribute 


х E » cri- 
оп the pursuit rotor using the 
ary feedback between trials. 
d Practice 
Under conditions of m 


assed Practice, tri 
10 to 60 seconds, 


trials, which May last anything iran 
are either c. or Separated by rests of 5 or at most 
10 seconds. Under conditions of 1 Practice the rests between trials 
can extend up to 24 hours, but are usually 60 Seconds or less, Over the range 
of 0-30 seconds the shorter rial interval, the lower the standard of 
performance (Adams, 1954). > if a series of massed trials is followed 
by a series of Spaced tri soon improy 


the intert 
However 


standard of a group tracking 


. " е 
es practically to tl 
series of spaced tri 


vith Spaced trials Similarly if a 
d by a Series of Massed trials, performance 
Standard of а Eroup trac. 
Adams, 1953b), I 


soon declines almost to the 
massed trials (Reynolds & 
changeover, the performance of the 
tinguishable from the berformance of 
(Denny, Frisbey, & Weaver, 
depress the stand 


learning. 


king e 
5-minute re 
groups soon 


clusively with 
fa st occurs at the 
Шан becomes indis- 
the corr 

1955). Thus the 


ard of perform 


bonding 
effec 
ance rather th 


s 
ho-change group 
tof ma 
ап 


ssed practice is o 
to depress the rate of 
Interpolated Rest 


The effect of a rest depends upon w 


hether 
massed or distributed. After 


massed practice 
provement in performance, the classical 


Previously the Practice was 
a rest Produces д sudden im- 
reminiscence effect, 

sical warm-up effect. In general the 
greater the number of massed trials before the rest, and the longer the rest 
gr 1947). With successive rests 


arm-up effect does not (Adams, 
1952). After the warm-up improvement, Performance Continues to decline 


> а ere is also 
an initial rapid ir provement, the cla I 


the greater these effects are (Ammons, 
the reminiscence effect disappears, but the w 


as massed practice is continued. 
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n sufficiently distributed, a rest produces a 
sudden deterioration in performance. This is followed by an initial rapid 
improvement until performance has almost reached its level before the rest, 
when there is a more gradual improvement (Adams, 1952). For the rest to 
have its maximum effect, the man should not be made to watch his partner 


performing during this time (Adams, 1955). 


After practice which has bee 


Theoretical Constructs 

Although Ammons (1947) was the first to construct a theory to account for 
the effects of the distribution of practice, it was Kimble (1949) who imported 
Па (1943) constructs of reactive and conditioned inhibition. Reactive in- 
hibition disappears with rest, just as other drives subside when the aversive 
continued massed practice, is removed. Some 
is clearly required to describe 


stimulus, in this case the 


transient intervening variable of this kind 
issed practice has upon performance. 


sting, results from the reduction 
It was introduced to account for 
which do not disappear after a 


the mentally fatiguing effect which mi 

Conditioned inhibition, the habit of re 
of the drive of reactive inhibition by rest. 
ffects of massed practice 
However, even these more permanent effects 
any specific extinguishing procedure 
f conditioned inhibition in per- 
what doubtful. The author 


the more permanente 
rest of, for example, 24 hours. 
appear to wear off gradually without 
(Adams, 1952). Thus the scientific status 0 
is at present some 
challenge effect. Under conditions of massed 
rform as well as he can. Even with distrib- 


formance on the pursuit rotor 
prefers to think in terms of the 
practice the man soon ceases to pe 
uted practice the man eventually settl 
which is be 


es down to give what he considers to 
be an adequate performance, low what he is capable of. On this 
xtinguishing of conditione 
| Чапа distributed groups of a similar stand- 
o a lowering of the standard of 


view the gradual e d inhibition is regarded as the 
gradual attainment by both masse 
ard of performance. It may be due as much t 
as to the raising of the standard of the massed group. 


the distributed group 
between trials should prevent the develop- 


If this 
ment of so-called conditioned inhibition. 
of decrement attributed to reactive inhibition or mental fatigue. 

A difficulty in linking theory to experimental data which is not peculiar 


either to Hull’s (1943) constructs of reactive 
xperimental measurement. There is nothing 


so, summary feedback 
It might also reduce the amount 


and conditioned inhibition or 


to pursuit rotors is the unit ofe 


particularly sacred about the size of the target area of the pursuit rotor, yet 
as the size changes the shape of the learning curve changes nonlinearly 
(Bahrick, Fitts, & Briggs, 1957). This raises the awkward question: Which 
particular nonlinear measure of performance is to be equated with the corre- 


sponding theoretical construct? 
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Tracking Behavior 
Comments on Dr. Poulton’s Paper 


GEORGE E. BRIGGS 
Ohio State University 


Poulton has presented a carefully organized and well-documented dis- 
sertation on tracking behavior. His paper 
next to display variables, then to control device and subsequently machine 
dynamics variables. It then deals with man as an information processor and 
concludes with a discussion of training variables. My comments follow this 
same general sequence of variables, although 1 do not touch upon all of these 
1 found it difficult to add substantially to Poulton's 
section on control device variables. My 


starts with input variables, turns 


categories, Specifically, 
fine review of input variables or the 


are directed to the remaining four sections. 


remarks, therefore 


Display Variables 


DIMENSION 


Гне Punsurr-CoMPENSATORY 
first explicit comparison of pursuit and 


Poulton (1950) provided the 


and like most of the subsequent research he 


compensatory tracking tasks 
found superior performance with the 
omparisons since 


including Poulton in the preceding paper, have 
aking of two different kinds of tracking tasks. Thus, 


nt qualitatively different kinds of tasks. Ac- 
ived of as the end points on a con- 
first to demonstrate this (Senders 


pursuit display. There have been several 
pursuit vs. compensatory € . and in addition several writers, 

utilized these two display 
modes as a basis for spe 
it is implied that these represe 
tually, they are more adequately conce 
tinuum of "pursuitedness." Senders was the 
& Cruzen, 1952), but apparently that research, which was published only in 
an Air Force technical report series, did not receive very wide distribution. 
It is of some interest, therefore, to review this and 
work on the same topic. 


1 some of the subsequent 
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Senders pointed out that a 100 Percent pursuit display involves zero 
percent compensatory component and thus, if the t 
say, four units to the left on the 
only movement induced until, 
control device which in 


arget element is displaced, 
display by a step function input, this is de 
of course, the human operator deflects his 
turn results in 
However, suppose we arranged to make 


it would then become 25 percent compe 


input would displace the target e 


sor element. 
movement of the cursor elem à 
а 55 suit; 
the display only 75 percent purst 
function 
nsatory, and the same step functi 


z NI it 
lement only three units to the left but 
would displace the cursor simultaneously. опе unit to the right. Thus, 


tem error would still be displayed as a four-unit difference between target 
and cursor, as in the 100 percent pursuit display, but the input now would 
affect both rather than only one of the two displ 
the percent pursuit component (and thereby 
satory component) on a display, the 
regard to the target element but inc 
Zero percent pursuit (a 100 pe 
the input affects only the 
position. There is an intere 
tracking task from real life: 
target with the gun w 
bottom boat. 

As one might expect, Senders 
terms of time 


A 


ay elements. As one decreases 
increases the percent compen- 
influence of an input decreases with 
reases with regard to the cursor until at 
rcent or pure compensatory) display condition, 
position of the cursor, 
sting illustration of 
the duck hunter w 
hile compens 


н ixed in 

the target being fixed it 
3 а T ry 

a mixed pursuit-compensator) 
) his 

ho pursues (actually leads) his 


айпи for the rocking motion of his flat- 


and Cruze 
on target, decreased s 
component was decreased, Their d 
tween the 75 and the 100 pe 
appeared to be slightly 
indicated by Bahrick, F 


n found that tr. 
tematically 
ata did show 


acking accuracy, in 
as the percent pursuit 
NO Significant difference be- 


ercent pursuit conditions and, in fact, the latter 
inferior to the 75 perce 


itts, and Briggs (1957), the 
omous scores such as time on target and indee 


and Cruzen, 
formance under a 100 perce 


nt condition; however, as 
re are artifacts with dichot- 
d Briggs and Rockway (1966), 
did find statis 
nt pursuit condition to th 


in a replication of Senders tically superior per- 
at with a 75 percent 

pursuit display. 

It seems appropriate, therefore, to ke 


ер in mind th 
expedient to talk about and build mode’ 


at while we 
15 for tw. 


9 differe 


tasks, the pursuit and the compensatory, in fact We are 


tinuum. And the generality of such theory would be 
continuity between pure pursuit and pure 


may find it 
nt kinds of tracking 
dealing with a con- 
better served if the 


compensatory displa 


3 e r. YS was rec- 
ognized and provided for in the theo y. 


Punsurr vs. COMPENSATORY 


In the preceding paper Poulton said, . . . it is difficult to understand liowa 
single compensatory display can ever give better results than а single pursuit 


lisplay." We have two experiments in the literature, both referenced by 
display. г 
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Poulton, which obtained superior performance under compensatory tracking 
conditions: Chernikoff and Taylor (1957) and Obermayer, Swartz, and 
Muckler (1961). Both found such superiority only with ultra low-frequency 
inputs and under unburdening conditions. 

In terms of “understanding” Chernikoff and Taylor have provided the 
sed: With ultra low-frequency inputs there are relatively 


following, as paraphri 
a slow, near ramp function. Thus, the 


long periods of time when the input is 
presence of rate or of rate-aided dynamics in the control system permits the 
input with a system output generated 
control device. This means that a 


operator to match the near-constant rate 
by a simple positioning response on the 
nearly proportional relationship between system error and the required re- 
periods of time, and thus the human operator 


sponse exists for relatively long 
ather than as a higher-order servo 


need act primarily as a simple amplifier г; 
which utilizes error rate and acceleration information in order to generate 
controlling responses. Birmingham and Taylor (1954) have referred to this 
à situation with "stimulus-response integrity”: the (compensatory) display 
contains error amplitude information in a direct form and this is all that is 
required under rate or rat »aided system dynamics to generate an appropriate 
output by a simple positioning response. 

A pursuit display also provides error information, of course, but it is error 
information "plus" — plus information from which the operator can estimate 
the higher derivatives of both the input and output signals. In other words, 
the pursuit display provides more than that information required to track 
inputs through rate or rate-aided dynamics, but the 


лу provides just enoug 


as 


ultra. low-frequency à 
compensatory displa h information and it does so in a 
direct manner, thus its superiority. 
Pearl, Simon, and Smith (1955) 
explanation for the superiority of a pure 
the input is in the ultra low-frequency range 
are present in the control system. They first defined two basic human output 
responses in a tracking task: a rapid oscillatory posi 
slower rate-control movement. (These apparently are analogous to the ma- 
ated for the discrete cases of motor 


offered another but more complicated 
compensatory display mode when 
and rate or rate-aided dynamics 


oning movement anda 


ements postul 
hat if most of the tracking error is due to the 


aiding will improve performance be- 


nipulative and travel mov 
tasks.) They then pointed out t 
rapid positioning responses, ther 


cause it will tend to filter out these 
with slow target speeds, thus the beneficial 


п rate 
high-frequency oscillations. They stated 
that these conditions were found 


effects of rate aiding. In regard to th 
under these same conditions, the authors stated, "The theory .. . also predicts 


that an aiding device will be of considerable significance in compensatory 
tracking because... (here)... rate control motions have been eliminated in 
large part by zeroing the target" (1955, р. 214). 


e superiority of a compensatory display 
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Thus our “understanding” of the superiority of a compensatory display 
mode when coupled through the human operator to rate or rate-aided machine 
dynamics may be summarized as follows: 

(1) From Chernikoff and Taylor, one has a higher level of “stimulus- 
response integrity” under these conditions. | 

(2) From Pearl, Simon, and Smith, the rate or rate-aided dynamics atten- 
uate the effects of one source of error (the high-frequency positioning move- 
ments) while the compensatory display reduces the other source (rate control 
motions). 

The present author trusts that the above discussion will not appear to the 
reader as a "defense of compensatory displays.” They are, after all, superior 
to pursuit displays only under very limited, but not ne 


cessarily unusual cir- 
cumstance 


ultra low-frequency inputs and first- (rate) or higher-order 
(acceleration, etc.) machine dynamics. And the real 
discussion here is not with regard to the engineering merits of one or the other 
display mode, but rather to why one is superior to the other and when. In 
other words, our interest here is with motor skills, and it is most illuminating 
to note that the reason offered by Chernikoff and Tay 
compensatory display superiority under the 


importance of such a 


lor, for example, for 
special conditions cited above is 
ssing requirement placed on the 


he can act as a simple amplifier making 
only directional and gain adjustments. 


that in that mode the information proce 
human operator is nearly minimal: 


QUICKENING 

Poulton’s discussion of the 
is quite brief, and a few 
after all, major 


quickening principle and of predictor displays 
additional comments seem warranted. These are, 
contributions by our brethren 

What is the theory behind the qui 
an expression of some motor 


in engineering psychology. 
ckening principle? The theory is in fact 
ills theory in servo terminology. It looks upon 
the human operator primarily as an information processor and ignores hy- 
potheses, such as those of Pe. 


arl, Simon, and Smith, above, on kinds of motor 
outputs. Thus it may be incomplete theory, 


nevertheless. 

Birmingham and Taylor (1954) pointed out that if the machine dynamics 
in a tracking task are second order (acceleration) or higher (jerk, etc.) the 
an inherently unstable 


but it is interesting and useful 


human operator is dealing with system, and he must act 


as an equalizer in order to bring stability to the system, i.e., to avoid oscillatory 
outputs of the system which can easily increase in 
out of control.” In theory, then, the hum 


derivatives of the displayed sy 


: m 
amplitude and thus ge 

ў еар 
ап operator must estimate as тапу 
stem error as there 


are orders (integral trans- 
formations) in the control system 


and his output must be based on an ap- 


propriately weighted composite of error amplitude, error rate, error accelera- 
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tion, and as many more derivatives of system error as there are orders in the 
control system or machine dynamics. For third- and fourth-order machine 
dynamics this is a prodigious but not an impossible task, and even for a 
second-order system, such as that encountered in lateral control ofan aircraft, 
this is a task of great difficulty for the novice and of some demand on the 
skilled pilot. The information processing (derivate estimations, weighting 
adjustments, and collation of these terms into the appropriate equation or 
control device movement pattern) required by such tasks is great, but the 
human operator can perform them successfully; thus, in theory, he is operat- 
ing as a servo. Some may be offended by this Descartian view of man, buta 
later section of this paper attempts to show the usefulness of such a view to 
motor-skills theory. 

For the present, then, the Birmingham and Taylor view may be summar- 
ized by saying that the relation between displayed error and human output in 
à second-order system must be 


0, = K E + KıpE + KE, 


where 0, is the human output, E is system error, p and p? are the first and 
second derivatives, respectively, and the K's are weighting constants. Thus, 
the right-hand portion of the equation represents the information processing 
required of the human operator to effectively control the system. 

Now, with full quickening, the two derivative terms can be deleted from 
this equation because under quickening the derivatives of system output are 
sensed, appropriately weighted, and combined with system output itself 
Prior to display to the human operator. Thus the derivative information re- 
quired for stability is already present in the displayed signal and the human 
need not estimate it. The information processing equation then becomes 
that of a simple amplifier, 

0u =K E, 
Which Says that man merely makes his motor output proportional to the 


amplitude of displayed error. Of course, he must also transmit directional 
information to the control device. 3 

Actually, it is possible to even further reduce the information processing 
demands on the human tracker. If one employs quickening plus display 
aiding then the tracker need transmit only directional information to the 


control device, i.e., he need act only as а simple relay! 
„іе. 


! Display aiding, in this case, requires taking the first derivative of what enel 
displayed error in full quickening and adding this to such an error signal m tod isplay 
to the human operator. This has been identified as superquickening by Rund, Birming- 


ham, Tipton, and Garvey (1957). 
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Poulton is rather impatient with the quickening principle, stating, “If the 
display has been fully quickened, the task does not in fact require a man at 
all; in flying an aeroplane the autopilot can be used.” One could add now: 
How ludicrous it would be to require a human operator in a superquickened 
system, unless, of course, one wanted to provide gainful employment for the 
severely brain damaged! Actually, this is not the point. The quickening 
principle is of use to us here not as an engineering device but as a concept 
which helps develop theory and thus obtain a level of understanding of motor- 
skill behavior: namely, the view of man in a tracking task as an information 
processor with servolike functions of derivative estimation, weighting, and 
collation of signals. 

I cannot resist defending quickening and especially the predictor display 
as devices at this point, despite the fact that we are interested here in skill, 
not engineering. Both display techniques do permit the human operator to 
time-share effectively among several concurrent activitie 


. And in the case of 
the predictor display, the operator is freed to a large degree from the demand- 
ing servo role and permitted to work a greater portion of his time on the more 
lofty plane of the strategy maker: Just how will I level the 


submarine out at 
250 feet? In an underdamped, overdamped, or critic 


illy damped manner? If 
underdamped, how much overshoot will I permit and therefore how long may 


it take to attenuate the oscillations around my desired depth, ete. ? 


The Control System 


Lacs 


At this point I should like to skip over the section of Dr. Poulton’s paper 
on The Control and provide some remarks to the section titled The Control 
System. Specifically, I should like to provide d 


ata from and comment on some 
research with transmission, exponential 


‚ and sigmoid lags. 

In the first of a series of studies, Warrick (1949) required his subjects to 
track a complex sinusoidal input through a positional control system but with 
transmission lags of 0, 40, 80, 160, and 320 milliseconds. He found a linear 
deterioration in time on target as lag was increased, and even performance at 
40 milliseconds of lag was statistically inferior to that 
lag-free condition. In a second study Warrick (1955) studied exponential lags 
between 0 and 1000 milliseconds. He used a step function input and obtained 
results similar to those cited above except that 


at 0 millisecond, the 


an exponential rather than a 
linear deterioration in performance was noted. 


Levine (1953) used both longer (2.7 seconds) and shorter (15 milliseconds) 
exponential lags and the four subjects tracked an input composed of 3, 5, and 
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11 cycles per second sinusoids. The results were similar to Warrick's except 
that for delay times in excess of 150 milliseconds performance deterioration 
was linear rather than log-linear. This consistency across three experiments 
would suggest the conclusion that any lag, even one so short as 15 milli- 
seconds, is detrimental to tracking performance. As is usually the case for 
behavioral scientists, such a simple conclusion is erroneous and a definitive 
experiment by Rockway (1954) provides us with a more important conclusion. 


s and system gain. The 


Rockway varied both exponential lag time constan 
control-display (C/D) ratios from least to most sensitive system conditions 
were 1/3, 1/6, 1/15, and 1/30; and the four lag times were 0.3, 0.6, 1.5, and 3.0 
seconds. The subjects tracked the same input as in the Levine study in a 
o- rather than a single-dimensional tracking task. Only with the least 
sensitive system did performance deteriorate monotonically, as in the other 
studies reported above, with a C/D ratio of 1/6, optimum performance oc- 
curred at a 0.6-second lag time; at the C/D ratio 1/15 superior performance 
occurred at the 1.5-second lag; and at the 1/30 C/D ratio performance was best 
at a 3.0-second lag. 

"Therefore it would be erroneous to conclude that any system lag is detri- 
mental to tracking accuracy. Instead, the more appropriate conclusion is that 
Whereas in low gain systems an exponential lag may be very detrimental, 


performance with that same amount of lag may well be excellent, and even 
better than no lag at all, in systems of higher sensitivity. 

There appear to be two reasons for the superiority of tracking through an 
exponential lag in high gain systems. Forone, given a particular lag and a low 
gain system, there isa delay in information feedback on the control responses. 
However, as system gain is increased, this increases the slope of the initial, 
linear portion ‘of the output of an exponential lag filter. Therefore, while a 
high gain tem does not alter the time required for the filter output to 
asymptote (compared with that in a low gain system), the higher gain does 
produce a given amplitude of the initial output at an earlier time than does a 
lower gain, and thus a decrease in the delay of feedback. 

A second, possible reason for the superiority of tracking through lags with 
high gain systems is based on the nature of the shape of the output of an 
exponential filter to a step function input: it is linear just like the output of a 
rate system. Thus, since Rockway used an input in the ultra low-frequency 


range, there were times when that input exhibited constant rate or ramp 
Characteristics, and like the Chernikoff and Taylor (1957) study cited earlier, 
we have here a tracking task with fairly high "stimulus-response integrity,” 
Le., by using step-function control movements, or even dither, the operator 
could treat the exponential lag as if it were an integral lag (rate dynamics) and 
thereby take advantage of this “unburdening” and the S-R integrity present 


in tracking inputs of near-constant velocity. 
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Rockway provided graphic recordings as examples of tracking responses 
under several of the experimental conditions. It does appear that his subjects 
employed step function control movements quite extensively, especially with 
the longer lags and the more highly sensitive systems. Thus, the subjects 
apparently behaved as required for validity of the “unburdening” explana- 
tion, and it is reasonable that both explanations are valid for these data. 


EXPONENTIAL vs. SiIcMom Lacs 

Conklin’s dissertation (1957) has been summarized by Poulton, who 
pointed out that performance with sigmoid lags was uniformly inferior to that 
with exponential lags of comparable time constants, except for random input 
signals where performance was equally poor for both types of lag. 

It is interesting to note that in most of Conklin’s data, performance with a 
0.25-second sigmoid lag was comparable to that with a 1.0-second expo- 
nential lag, and one may be curious as to why this comparability of per- 
formance for such different lag time constants. After all, a sigmoid lag with a 
0.25-second time constant approaches output asymptote four times more 
quickly that does an exponential lag with a 1.0-second time constant, and thus 
the "full" revelation of the effects of a control movement in the latter case is 
considerably delayed over that in the former. One can only conclude that it is 
not the time required to obtain complete knowledge of results that is im- 
portant. What is important here, then? 

I speculate that it is the very initial level of output of the two types of lag 
that determines performance most directly; specifically, the first third of the 
output of the lag filter appears to define the critic: 


is arrived at by noting that an output plot of 
and of a sigmoid | 


al period. This supposition 
an exponential lag of 1.0 second 
ag of 0.25 second shows that the two functions are fairly 
comparable up to one third of the total output pattern, but 


sigmoid lag output rapidly becomes greater than that of the 
Since Conklin found comparable performance for these two lag conditions, 
the most simple inference is that this was determined by the comparability of 
the very initial output characteristics of the two filters. 

If this speculation is valid, it points out how critical the 


after that, the 
exponential lag. 


first few fractions 
of a second are to performance through machine lags. What makes this even 


more remarkable is that Warrick (1949) stated that with a 40-millisecond lag 


the subject's performance was impaired even though no perceptible 1 


ag was 
present! 


Dirner 


Before turning to the final set of comments on Poulton’s fine paper, I 
would like to amplify briefly on the dither mode of responding. This is a 
fascinating kind of response but has never been studied systematically, to my 
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knowledge. Dither is defined as a high-frequency, low-amplitude oscillation 
of the control device. It is found when the machine dynamics involve lags 
and it is most apt to occur when the subject is highly motivated to keep error 
to a minimum. A common example is found in driving over icy roads: the 
driver tends to rotate the steering wheel rapidly back and forth in small 
amplitude oscillations. 

Dither produces two desirable effects: 
mation feedback (do I still have control?) and it tends to reduce complex 
machine dynamics (second and third order or higher) to a ratelike or first 
order of control. The latter is based on the same reasoning as that used in the 
comment above on Rockway’s data: by using small amplitude and alternating 
step function control movements, the operator limits the system output to the 
initial, nearly linear portion of the total output pattern. Thus, by using dither, 
the operator can make a higher-order system behave like a simple first-order 


it increases the amount of infor- 


System. 

A rather interesting example of the effectiveness of the dither mode 
appeared in the study by Levine (1953), cited above. One of the four operators 
employed in that study actually exceeded his proficiency under the lag-free 
condition on lags of 60 and 90 milliseconds; the other three "normal" opera- 
tors did more poorly on these lags, of course. As we might now expect, Levine 
noted that the unusual operator, Subject D, ^... kept the knob in continual 
movement by turning (it) back and forth through approximately 20? at a very 
high frequency" (1953, p. 13). Levine excluded Subject D from his analyses 
of the data, but although he may have felt some chagrin at being labeled 
" Subject D should be heartened by the realization that he did 


"anomalous, | 
ticated level than did his fellow operators, Subjects 


perform at a more sophis 


A, B, and C! 
The Human Operator 


Turning now to Poulton's section, The Man, I should like to relate three 


experiments mentioned in that section by reference to some theory first 
Proposed by Fitts, Bahrick, Noble, and Briggs (1959, pp. 12.47-12.50). Spe- 
Cifically, ihe research by Garvey and Mitnick (1957), by Garvey (1960), and by 
Fuchs (1962) each dealt with changes in the human transfer function “con- 
stants” as the operators practiced and/or were subjected to task-induced 
stress, and these three studies support, I believe, the progression-regression 
hypotheses of skilled behavior in continuous (tracking) tasks. 

The progression hypothesis was developed during preparation of the 
Fitts et al. (1959) report on the basis of Garvey and Mitnick's (1957) data and 


on the basis of some earlier results from the Goodyear Laboratories (Good- 
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year Aircraft Corp., 1955). In both cases the order of the transfer function was 
higher for the well-practiced operator than for either the same or another 
operator with less training. By “order” of the transfer function is meant the 
number of derivative terms needed in the differential equation used to define 
the basic transfer function equation, and by “needed” I mean the number of 
derivative terms for which a transfer function analysis generated significant 
constants. 

The hypothesis states that a skill novice will attempt to generate a control 
response, 0 y, by responding directly and proportionately to the amplitude of 
system error: 


0,—K, E, 


where the terms are as defined earlier, i.e., the novice will try to respond as a 
simple amplifier and merely transmit the displayed amplitude information to 
the control device. This may be defined as the zero order of control, and 
unless the input is only a step function, the operator will observe considerable 
system error. The hypothesis then states that the operator will, with this 
experience, progress to the first order of control and generate responses 
based on not only the amplitude but also the velocity characteristics of the 
error signal, 


0,— K E-- K;pE, 


and further, that with more practice he will progress to a second order of 
control wherein amplitude, rate, and acceleration of system error will enter 
into a determination of his controlling respons 


Ou — КЕ NEN KE. 


Theoretically there is no upper limit to the order of control w 
may acquire, although in real life, few system dynamics and/or inputs require 
anything higher than the second or acceleration order of control. 

The Garvey and Mitnick (1957) data, a selection of pilots from the Good- 
year research (see Fuchs, 1962, p. 181), and the initial acquisition data of 
Fuchs all support the progression hypothesis; however, neither the Fuchs 
nor the Garvey and Mitnick subjects seem to have started 
amplitude level of control; rather, both sets of subjects appear to have started 
at the velocity level of control. In this regard, itis not unreasonable to assume 
that after 18 or more years of experience with a variety of vehicles, these 
subjects could progress so rapidly from a zero to a first arder of 1 that 
the summarized results would not reveal the earlier, more primitive level. 


Perhaps the best place to observe such а transition would be with ve 
children in tricycle control tasks. 


hich the operator 


at the zero or 


ry young 
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The regression hypothesis states simply that having attained some level 
of control, skill if you will, the operator will regress to a more primitive level 
under stress, but that he can re-progress under continuing exposure to stress 
back toward a more sophisticated level of control. Both the Garvey (1960) and 
the Fuchs (1962) data support this hypothesis. In particular, Fuchs’ results 
show an initial regression to a strong emphasis on amplitude control with 


subsequent recovery to a velocity order of control; the Garvey experiment 
was designed to show only regression, not the potential recovery phase. 

It appears, therefore, that the progression-regression hypotheses are 
adequately supported by the literature, although recovery from stress effects 
could be more completely explored. While this may not represent a very 
heady level of behavioral theory, it does represent a more direct route to 
theory in motor skills than did early attempts to translate S-R theory from the 
discrete case, where it was developed and was useful, to the continuous case 
where semi-continuous behavior encourages concepts and analytic methods 
of measurement which treat the continuities not the discontinuities in re- 


sponding. 


Training Procedures 


To conclude the comments of Poulton’s paper, I would like to take excep- 
tion to his interpretation of a series of studies on the question of part vs. 
whole training which was conducted at Ohio State several years ago. Specifi- 
cally, Poulton reviews the first two of a three-experiment series by Briggs, 
Naylor, and Fuchs (1962) and then states with regard to the second that, 
“This experiment illustrates the difficulty of attempting to predict even the 
relative degree of transfer between complex tracking tasks.” Actually, the 
Most important study was the third in that series, and while it was nota track- 
ing study, there is no apparent re: 
apply to tracking behavior. That study indicates that while one might be hard 
i for a particular training procedure, 
pattern of a second-order inter- 


ason that the concepts and results do not 


pressed to predict a percent transfer figure 
it is possible to predict the presence and the 
action with training method (part vs. whole) as one of the variables and 
transfer task complexity and organization as the other two. 

Specifically, the design of the third study, which may be read in a more 
available publication by Naylor and Briggs (1963), was based on a review of 
the literature by Naylor ( 
Waters (1958) and Seymour (1956). The experimental prediction was that, 
“there should be an interaction between task complexity, task organiza- 
a) for tasks of relatively high organiza- 


1962) and on such research as that of Briggs and 


tion, and training methods such that ( 
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tion as task complexity is increased, whole-task training should become 
relatively more efficient than part-task methods; however, (b) for tasks of 
relatively low organization (all task dimensions being independent) an in- 
crease in task complexity should result in a part-task method becoming 
superior to the whole-task method” (Naylor & Briggs, 1963, p. 218). The 
results supported the predictions, and the latter truly were made a priori, as 
shown by Table I. 


TABLE I 
TRANSFER INpiCES" 
Task Task complexity 
organization Low High 
Low 
High 


“From Naylor and Briggs (1963). 


The index used was (C, — E,)/ (C, — C,) х 100, where C, and C, were the 
initial and transfer trial performance levels of the control group (whole train- 
ing), respectively, while E, was the performance of an experimental group 
(progressive-part training) upon transfer to the whole task. Thus, a transfer 
index less than 100% indicates a superiority 
greater than 100% indicates superiority for 
method. 

Obviously, the predicted interaction among tr. 
zation, and task complexity was obtained 
of the interaction predicted a priori w. 
Poulton’s conclusion that one 


for whole training while one 
the progressive-part training 


aining method, task organi- 
‚ and more importantly, the pattern 
as obtained also. So I cannot agree with 
necessarily has difficulty predicting relative 
transfer. We were either lucky or we read the previous research properly and 
made some appropriate extrapolations; I prefer the latter conclusion, for 
obvious reasons. 

Аз indicated earlier, these results were not generated in a tracking task, 
but again, there is no apparent reason that they would not obtain in that kind 
of behavioral task. What is needed here is an adequate and general means to 
quantify task organization: the degree of cross coupling or interrel 
between the several dimensions of a task. The matter of defining task com- 
plexity in terms of the number and kind of information processing steps re- 


quired of man appears adequate to specify this variable but task organization 
is more illusive. 


ationship 
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Concluding Remarks 


I conclude this commentary with a few remarks on the matter of the 
continuous vs. the discrete in motor-skill behavior. It is apparent that man’s 
behavior in a variety of tasks, such as those found in studies of verbal learn- 
ing, concept formation, retention of verbal habits, conditioning and extinction, 
motivation, etc., can be adequately measured by discrete scoring procedures 
and it is equally obvious that theory for these discrete cases can be interesting 
and useful. I question, however, that we do justice to motor-skill theory by 
emphasizing the discrete rather than the continuous character of the behavior. 
Of course, one can demonstrate discontinuity in motor outputs: Vince (1948) 
did so to define the psychological refractory period, Woodworth did in his 
doctoral dissertation (1899) to explain simple positioning responses, and so 
on, but while these are useful they should not overshadow the point that in 
tracking continuous inputs through machine dynamics, man exerts a pattern 
of force on the control device, and it is this continuous output that should be 
the main focus of our attention. Since man can and does produce a time- 
varying, graded response in tracking, it is important that theory of tracking 
performance utilize concepts appropriate to the continuous case. 

This is not to deny that man in tracking even continuous inputs does not 
exhibit discontinuities in his output; indeed, the earlier discussions of the 
efficacy of step function control movements and dither illustrate the presence 
and importance of such discrete responses. Further, most writers have agreed 
that the human operator is intermittent as a processor of information even in 
sks, and it has been suggested by Fitts et al. (1959) that 
appropriate model for the human being than is 


continuous tracking ta: 
the sampling servo is a more 


the continuous servo model. 

But again, intermittent or not, in the tracking task one is dealing with 
б = Ы ‚ ы. 8 ret e 54, 4 
force patterns over time, and these continuities deserve our first consideration. 
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Chapter 9 


Cybernetic Theory 
and Analysis of Learning 


KARL U. SMITH? 
Behavioral Cybernetics Laboratory, University of Wisconsin 


The main objective of this chapter is to define the role of feedback- 
controlled motor activity in determining the course of learning. This con- 
stitutes a cybernetic approach to the understanding of performance during 
s determinants of learning the feed- 


learning—an approach which recognizes г 
back factors which govern various aspects of response and of receptor and 
neural input functions. The cybernetic approach to performance and learning 
is supported by new laboratory techniques, to which we have given the name 
experimental behavioral cybernetics, and is generating a new technical lan- 


guage as well as theoretical ideas which challenge many of the formulations 


of current learning theory. 

The basic assumption of behavioral cybernetics is that the organization of 
motor performance and the course of learning are related to the properties of 
closed-loop feedback control which an animal or individual maintains over 
The methods of feedback analysis which we have de- 


its own behavior. 
optical, magnetic recording, closed-circuit 


veloped utilized electronic, 


television, and closed-loop computer s) 
different problems of response regulation and organization. The guiding 


Principle in such cybernetic research is to measure the effects of varying 


stems and have been applied to many 


— 

The experiments described in this chapter were 
Feedback Analysis of Behavior, National Science Foundation, and in a project on Geo- 
metric Organization of Human Motion, Project M-4469, National Institutes of Mental 
Health. 

5 

"The experimental cybernetic computer rese 
conducted with the collaboration of Sherman Ansell and Terrence Schuh, who aided in 
Electrical engineering assistance was 


carried out in a project on Sensory 


arch. described in this chapter was 


developing the closed-loop computer system. 
obtained from Gerald Servos and Harold Washington, Elmhurst, Illinois. 
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feedback properties on the efficiency of performance and the characteristics 
of learning. 


Cybernetic Approach to Learning 


The experimental foundation of the cybernetic interpretation of behavior 
can be traced to the instrumental research of psychologists on radar and gun 
tracking systems during World War II. Subsequently, Wiener (1948) coined 
the word “cybernetics” to refer to the properties of directional guidance of 
man-governed systems and described certain mathematical characteristics of 
such systems. However, Wiener's ideas deflected the newly named discipline 
from its experimental base in wartime psychological research and oriented it 
toward the areas of computer simulation, information theory, and mathe- 
matical modeling of psychological and physiological systems (Chase, 1963; 
Fairbanks, 1954; Fitts, 1951). 

In the cybernetic research to be described here, the emphasis is on ex- 
perimental analysis of feedback interactions in closed-loop self-governing 
systems (K. U. Smith, 1961a,b, 1962, 1963a,b, 1964; K. U. Smith & W. M. 
Smith, 1962; K. U. Smith & M. F. Smith, 1966). A fund. 
made between closed-loop and open-loop operating 
systems are self-regulating and their characteristics of performance and 
learning reflect the properties of closed-system feedback control. Open-loop 
systems or operations are limited to those in which reactions are direct func- 
tions of external or extrinsic stimulating or information conditions uninfl- 
enced by internal or intrinsic feedback regulation. Closed-loop operations 
are analyzed in terms of direct functional relationships between receptor, 
neural, and motor action or between stimulus and res 
loop operations are studied on a statistical or probabilistic basis, utilizing 
generic specifications of behavior. Closed-loop systems function in terms of 
response-generated sensory signals and their organization is based primarily 
on built-in properties of the sensorimotor process, whereas traditional inter- 
pretations of behavior assume one-way linear processes relating external 
events with behavioral effects. Inasmuch as conventional reinforcement and 
conditioning theories describe learning as being determined by extrinsic 
open-loop contingencies of reward and punishment or temporal association, 
they are incompatible with the assumptions guiding 
research. 

We specify the following general properties of cybernetic systems: (1) 
they are self-governed; (2) they operate in terms of reciproc: 
circuits of activity composed of dynamic response 
they involve continuous control of such closed-l 


amental distinction is 
systems. Closed-loop 


ponse, whereas open- 


experimental cybernetic 


al closed-loop 
and sensing processes; (3) 
оор circuits of activity; (4) 


CYBERNETIC THEORY 427 


they are directly guided in both sensing and response in terms of feedback 
sities of the closed-loop system are inte- 


control; (5) different component act 
grated through feedback processes; (6) the feedback control of such response 
systems can be transformed by instruments and communication (symbolic) 


systems of specialized design. 

Cybernetic theory assumes that the efficiency of performance and the 
course of learning depend on properties of the feedback-control process, 
s according to the design of the cybernetic 


which can vary in a number of we 
system in relation to the design of its physical environment. These variations 
include (1) introduction of delay or time lag in the feedback loop; (2) geo- 
metric displacement of sensory feedback with respect to the pattern of move- 
ment; (3) time sampling or intermittency of feedback; (4) temporal inversions 
of time samples; (5) kinetic modulations of feedback; (6) complexity of the 
feedback pattern as defined by the number of component movement systems 
) precision of feedback control; and (8) form and 


involved in a response; (7 
and symbolic transformations involved in a 


complexity of the instrumental 
closed-loop system. The assumption is that these intrinsic characteristics of 
the feedback loop, rather than open-loop reinforcement and associative con- 
tingencies, determine the fundamental properties of learning functions. It 
also is assumed that special properties of development, memory, generaliza- 


tion, transfer, and inhibition are related to variations in the pattern of feed- 


back control. 


Меснаміѕмѕ оғ FEEDBACK CONTROL 
bernetic concepts to an analysis of behavior, we make 


several assumptions about the nature of the response mechanisms of behav- 
ing systems, namely: (1) that the feedback process depends primarily on 
lifferences in stimulation, i.e., detection of angular 


neural detection of spatial c 
displacements between movement and its feedback patterns; (2) that re- 
sponse (and thus its feedback-control pattern) is always multidimensional 


and involves the integration of tremor reactions and postural, transport, and 
manipulative movements; (3) that pattern perception is regulated by means 
of dynamic control of receptors by the movement systems; (4) that somatic 
Movement is controlled spatially in two coordinate dimensions correspond- 


ing to the vertical and bilateral axes of the body by means of reference feed- 


back mechanisms of postu 
ness of tools and symbol systems in human control patterns depends on how 


and to what extent they transform basic feedback properties; and (6) that the 
nervous system functions in cybernetic control by integrating feedback sig- 


nals generated by both internal and external behavior. 


In applying these cy 


ral and transport movements; (5) that the effective- 
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Normal 
range 


2 Breakdown 
range 


Fic. 1. The cybernetic concept of neurobehavioral regulation of response. Normal 
and breakdown ranges of angular displacement of feedback involved in regulating 
direction of response. Differentiation of the postural, transport, and manipulative sub- 

stems of response. The postural and transport systems serve 
directional guidance systems for maintaining feedback orienta 
with respect to the body axes. 


as generalized inertial 
tion of all movements 


Figure 1 illustrates the first of these points, that the detection of angular 
displacement of movement-generated feedback is basic to all levels of cyber- 
netic regulation and learning. This figure introduces the concepts of “normal” 
and “breakdown” ranges of angular displacement of feedback. For any given 
movement, the feedback pattern can be displaced spat 


ially through a normal 
range without affecting the efficiency of its pe 


formance or learning. Dis- 
causes disturbances or break- 
ithin the breakdown range, the 


placement beyond this normal range, however, 
downs in response control and learning. W 
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degree of disorganization or learning disturbance varies as a function of the 


angular displacement. 
As indicated in Fig. 1, we assume that response regulation of feedback is 
multidimensional and involves separate but interrelated tremor, postural, 
ative mechanisms. The gravity-controlled postural 
neralized of these four systems. The bilateral trans- 
ntiated from the postural mechanisms and is 
mechanisms that detect bilateral differ- 
third motion subsystem 


transport, and manipul 
mechanism is the most ge 
port motion system is differe 
regulated primarily by neuromotor 
ences in movement-produced feedback stimuli. The 
includes the refined articulated activities of the face, hands, feet, and mobile 
ms such as the eye. Tremor movements generated by neural 


receptor syste 
along with other movements serve to 


and ballistic effects of cardiac action 
nsitive to stimulation by preventing adapta- 


keep the receptors of the body se 
systems are controlled 


tion. We believe that these different behavior sub: 
integrated into unified response patterns by means of 
15. We also believe that there are dis- 


differentially and are 
specialized neural feedback mechanisn 
tinct feedback mechanisms which maint 
ntation in space 
itterns imposed on the receptor surfaces. 


ain the sensitivity of exteroceptive 


receptors, determine their orie in relation to body movements, 


and process or control the stimulus pi 
CYBERNETIC ANALYSIS OF STIMULUS- RESPONSE INTERACTION IN LEARNING 
The feedback concept suggests a new interpretation of the stimulus- 
response (S-R) interaction in learning. Following Thorndike’s (1913) and 
Watson’s (1924) early writings, learning psychologists generally have used 
and response (Skinner, 1935), but have de- 
est their assumptions about the charac- 
xperimental cybernetics analyzes 
esponses or reflex patterns which 
ing situation is considered 


the generic concepts of stimulus 
vised no methods or experiments to t 
teristics of S-R relationships. In contrast, е 
the intrinsic S-R interactions of the 


are modified by learning. The response m a learn 
ariant unit of behavior, but as a variable control pattern 


g many parameters. Thus, the reflex is concep- 
edback-mediated interactions 


primary г 


not as a relatively inv: 
Which can be analyzed alon 
tualized not as an S-R unit but 
between the motor and sensor 


as a pattern of fe 
y systems which provide a measure of be- 


havioral control. 

The cybernetic theory propose 
tualized not as a synaptic system 
nuncial cells function 
detecting differences in move 
involve imparting directional stimulus 
ficity is not predetermined by intrinsic 


d here suggests that the brain be concep- 
system, in which inter- 


but as a neuronic 
as direction-specific and stimulus-specific units in 
ment-produced stimulation. Learning would 
specificity to neurons whose speci- 


factors of development. Presumably, 
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the specificity of the internuncial nerve cells is altered by the effects of their 
own internal closed-loop processes in response to presynaptic stimulation. 
Neurons thus would become responsive only to certain loci or directions of 
presynaptic stimulation, or have a lowered threshold of reaction to such di- 
rections of stimulation. In assuming that the nerve cells themselves rather 
than the synapses become specialized in development and learning, this 
view aligns itself with the classical doctrine of specific nerve energies and 
with the cellular theory of biological organization, development, and evolu- 
tion. It is our belief that the doctrine of synaptic integration and the related 
hypotheses of temporal association violate both the principle of specific 
nerve energies and the central tenets of biological cellul 
ing that response is determined by the electrical or chemical environment 
external to the nerve cells. In contrast, the neuronic inte 
function integrates the concepts of both learning 
central theoretical constructs of biology 
of evolution and development. 


ar theory by assum- 


rpretation of brain 
and reflex action with the 
‚ and makes possible a unified theory 


EXPERIMENTAL CYBERNETIC TECHNIQUES 


We distinguish among several areas of feedback research which utilize 
distinctive experimental methods, namely: (1) receptor cybernetics or the 
study of feedback mechanisms governing characteristics of the input afferent 
process; (2) studies of sensorimotor feedback control; (3) studies of psycho- 
physiological control or vital interactions among the biochemical, physio- 
logical, and behavioral levels of the response mechanism; (4) neurogyber- 
netics or the study of response regulation of brain mechanisms; and (5) 
analyses of transformations of feedback control in instrumental and вузу 
behavior. The study of cybernetic transformations is relev: 


à ‹ : ant on the one hand 
to basic human engineering research on the design of tools 


and on the other to the analysis of symbolic design factors i 
communication. 


and machines, 
n language and 


The primary methodological requirement for cybernetic 
devise techniques which close the sensorimotor circuit of 
sponse system so as to introduce experimental variations of 
feedback process and to test their effects on performance 
historical background of this type of research encomp: 
ing research on tracking in World War II (Gebhard, 1948; Phillips, 1943; 
Warrick, 1949), the classical studies of experimental displacement of vision 
by means of lenses, prisms, and mirrors (Brown, 1998; Ewert, 1930; Siipola, 
1935; Stratton, 1896, 1897, 1899; Wooster, 1923), and the more recent obser- 
vations on the effects of delayed hearing on sound-producing activities (Black, 


research is to 
à particular re- 
the controlling 
and learning. The 
asses human engineer- 
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1951, 1955; Fairbanks, 1955; Fairbanks & Guttman, 1958; Lee, 1950a, b, 
1951). That these different kinds of sensorimotor study constitute a distinct 
area of feedback research was indicated originally in reports of research on 
televised displacement of the visual image of motion (K. U. Smith, 1961a, b; 
W. M. Smith, Smith, Stanley, & Harley, 1956). 

Figure 2 illustrates four laboratory techniques for cybernetic research. 
These include utilizing an optical system to invert the visual feedback of 
motion, using an audio-tape system to delay the auditory feedback of speech, 
and using a closed-loop computer system to produce time-sampled feedback 
of eye-movement tracking and transformed feedback of hand motions. Closed- 
circuit television also has been used to study cybernetic control in perform- 


ance and learning. 


Learning Feedback Control of Basic Movements 


Recent advances in closed-loop computer techniques have made possible 
s in feedback control of primary body move- 
ments during the course of learning (K. U. Smith, Ansell, Koehler, & Servos, 
1964a; К. U. Smith, Mysziewski, Mergen, & Koehler, 1963a). As indicated by 
the lower two diagrams in Fig. 2, a general-purpose high-speed scientific 
computer (Control Data Corporation, 160-A) is tied directly to behavioral 


and physiological feedback mechanisms by means of electronic transducing 
in studies of speech, the subject's 


and converting components. For example, 
speech sounds are transduced by a micropl 
digital form by means of a variable analog-to-digital converter. The digitized 
ransmitted to the computer which has been pro- 


electronic signal then is tr 2 à | 
gramed to vary the feedback pattern in specified ways. This programed signal 


then is converted back into analog form by a digital-analog converter, filtered, 
amplified, and finally transmitted to the protected earphones of the subject, 
who hears his own speech as computer-controlled feedback. 

In our cybernetic research laboratory, the digital computer and its analog 
arranged so that they can receive transduced data 
and control sensory feedback to the human 
stations. In every case, the recorded data 


experimental analyses of change 


hone, amplified, and converted to 


Converting systems are 
from various experimental stations 
or animal subjects located in these 


provide information about particular response patterns, such as eye move- 


ments, hand motions, or breath control, and thus can be used by the subject 
as feedback to control his response. However, these feedback signals are pre- 
sented to the subject only after they have been manipulated by the computer. 
Thus, each of the computer-controlled systems is a closed-loop operation in 
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(a) eut à Space displacement 
„ 
Hand motion 
гаре eroe 
{> @a© 
(b) Delay PRY | 
Speech and sound 
production 
OF 
(c) 
Eye movements 
Time sampling 
(d) 
Drawing and 
handwriting 
Fic. 2. Methods of experimental cybernetic research, (a) Optical system for con- 


trolling spatial displacement of the visual feedback of motion. (b) 
tem for delaying the auditory feedback of speech. (c) V. 
feedback of eye-movement tracking. (d) Transform 
by means of closed-loop computer methods. 


Magnetic tape sys- 
ariable control of time-sampled 
ation of the feedback of hand motion 
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which the subject regulates his own movements by means of a perceptual 
display that presents experimentally varied feedback patterns. Some of the 
variations that can be introduced include feedback delays, time-sampling, 
spatial inversions, temporal inversions, kinetic variations, signal distortions, 
signal transformations, and symbolic transformations. The effects of variations 
or perturbations of this sort are measured to obtain data indicating the func- 
tions and limits of cybernetic control of particular behavioral or physiological 
mechanisms. The computer is used not only to manipulate feedback signals, 
but also for various procedures of experimental monitoring, calibration, ex- 
perimental measurement, on-line data analysis, and data summarization. 


Learninc FEEDBACK CONTROL. or BREATH MOVEMENTS 


The experimental setup diagramed in Fig. 3 shows how the closed-loop 
computer system is used to study a basic control pattern, that of maintaining 
à constant intraoral breath pressure, such as is used in speech, singing, and 


certain types of musical instrumentation. The subject attempts to maintain a 


bx 


Digital- analog 
converter 


Computer 
memory 


Dynamic feedback 
display 


Analog- digital 
converter 


Pre- amplifier 


Breath control 
transducer 


Fic. 3. Experimental cybernetic setup for studying learning of breath-pressure 


control with variable feedback. 
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constant breath pressure against a closed metal tambour which is fitted with 
a strain-gauge transducer. The transduced pressure signal is amplified, con- 
verted by the analog-digital converter, programed for quantitative variations 
in feedback, deconverted to its original analog form, and displayed on an 
oscillograph as a computer-controlled visual feedback display. The subject 
tries to make this oscilloscopic display of breath-control activity appear as 
a straight line. 

Needless to say, the subject never achieves perfectly stable control over 
his response output and its related feedback input. The typical breath-control 
record in Fig. 4 is a very unstable pattern, marked by tremor and many other 
reactions of the sort that usually are called “spontaneous.” Successive rec- 
ords show that as the subject learns better control of the activity, the magni- 
tude of the oscillatory activity is reduced, the velocity of the component fre- 
quencies is reduced, and some of the larger oscillations disappear altogether. 
Tremor and oscillatory activity are characteristic of all movement systems of 


the body, with tremor rate varying in different response systems. 


Component MOVEMENT ANALYSES OF CYBERNETIC CONTROL 


Analysis of the frequency characteristics of the breath-pressure pattern 
discloses that it is made up of a number of component activities. Further 
analysis shows that some of the variations in the record of somatic movement 
are perturbations introduced by internal physiological activities and that 
learning feedback control of the external responses involve 
the physiological perturbations. 

One way to analyze the activity components is to use 
to differentiate the primary movement pattern 


s modifications of 


the computer system 


| and thus to determine the 
velocity properties of the responses. Velocity records of breath-control move- 


ments show a rhythmic variation which corresponds to the heart rhythm and 
larger variations which are introduced by the respiratory cycle. These 
physiological perturbations consist of both ballistocardiographic and bal- 
listopneumographic variations in muscle action as well as neurally deter- 
mined perturbations of the same origins, and represent an unavoidable inter- 
action between internally organized activities and somatic sensorimotor 
control patterns. Velocity records obtained over a serie 
that learning greatly reduces the range of velocities, 
Additional observations have shown that some of the у 


s of trials indicate 


ariations in the 
breath-pressure control pattern are related to the different component move- 


ment systems of the lips, tongue, thorax, and abdomen. The nature of the 
breath-control pattern shifts as movements of these different parts of the body 
are used to regulate the breath pressure. According to our interpretation, the 
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osciilations due to these different activities reveal the differential role played 
by articulated manipulative reactions and background transport and postural 


activities in maintaining breath control. 
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osed-loop computer system. The strips 
d mounted in order of trials. Time is in 


436 KARL U. SMITH 


Research of this sort gives a picture of the changes involved in somatic 
learning which is altogether different from the accounts produced by tradi- 
tional learning studies. These analyses of feedback control reveal that all 
somatic responses involve continually generated tremor activities due to 
either the ballistic or neural actions of the cardiac and respirator 


systems 


as well as grosser perturbations of response due to these systems. Thus learn- 
ing a pattern of exteroceptive feedback control involves integrating somatic 
movements with these background activities and perturbations. Furthermore, 
the somatic movements themselves are made up of different component 
actions, including the relatively slow movement frequencies related to the 


postural and transport systems and the faster and smaller 


manipulative or 


positioning reactions. The whole motion pattern is integrated systematically 


by sensory-feedback mechanisms which determine the relative prominence 
of different movements. 

In learning to integrate the internal physiological perturb 
somatic movements to achieve a more effectiv 


ations with 


€ and accurate pattern of re- 
sponse, the individual utilizes the immediate feedback effects to 


modify 
both internal and somatic behavior. In this picture of le 


arning change, fortui- 


tous temporal contiguities and extrinsic reinforcements play no major role. 


Delayed Feedback and Learning 


Delayed feedback refers to the introduction of temporal lags between a 
movement and some source of sensory feedback gi 
effects of the movement (K. U. Smith, 1962). This с; 
by contriving to interrupt the normal feedback loop. Delayed feedback is a 
feature of some kinds of machine performance, where the design of the ma- 
chine introduces a lag between the operators movements and their per- 
ceived effects, and also characterizes certain remote-control situations, such 
as the operation of a remote space vehicle from a station on earth. 

The problem of delayed feedback is a crucial one for learning theory be- 
cause it deals with the basic issue of whether or not plasticity of behavior in 
learning can be attributed to the presumed ability of the 
to associate or link discrete events that are rel 


ving information about the 
an be done experimentally 


behaving organism 


ated only by temporal conti- 
guity. Both contiguity theory and reinforcement theory, which in the 


variations represent the only significant S-R learning theories currently in 
vogue, are based on the old assumption of associationism th 
or responses) occurring close together in time can be * 
havior on the basis of the temporal linkage alone. 
posed by reinforcement theory — that 


ir several 


at events (stimuli 
'associated" in be- 
The special condition im- 
a reinforcement must occur to ensure 
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the association does not change the original assumption of temporally de- 
termined shifts in behavior patterning, for the only relation the reinforce- 
ment need bear to the response is that of temporal contiguity. 

As the various S-R expressions of associationism have taken form in learn- 
search, the temporal factor common to all of them has not 
al con- 


ing theory and т 
been defined or measured precisely. Temporal contiguity in classic 
ditioning meansan interval (between conditioned stimulus and unconditioned 
stimulus) of variable length, often about .5 second. In operant conditioning, 
an interval (between R and reinforcer) of zero is assumed to be optimal but 
it can be stretched to seconds or in some cases even to minutes without de- 
as a determinant of learning. In other words, con- 


stroying its effectivene 
ventional open-loop learning models of necessity assume a high degree of 


flexibility in the temporal relationships that constitute “contiguity” and thus 


in these theories determine the learning proces 

Investigations of the effects of delayed sensory feedback on learning offer 
both to the open-loop conception of the learning inter- 
ible time intervals are the definitive factor 


à serious challenge 
action and to the notion that varia 
in behavior reorganization. The delayed feedback experiment not only attests 
of response but also indicates that the primary 
is very rigidly defined temporal relation- 
does not eliminate contiguity or rein- 
anizing behavior, but it offers convinc- 


to the closed-loop nature 
stimulus-response interaction ha 
ships. Research on delayed feedback 
forcement as possible factors in reorg 
ing evidence that fortuitous tempor 
gencies do not of themselves determine 
change. 

Studies of transmission lags in ve 


and after World War П indicated that any | 
ntal to performance accuracy (Conklin, 1957; Levine, 


ick, 1949). Lee (1950a, b, 1951) originated 


al relationships or open-loop contin- 
response patterning or learning 


locity and aided tracking systems during 
ag between movement and per- 


ceived effect is detrime 
1953; Lincoln & Smith, 1951; Warr 
iment by using audio-tape systems to 


another type of delayed feedback experi 
edback of speech and other sound-producing motions. 


delay the auditory fe à £ 
d with protective earphones in order to 


In this technique, the subject is fitte! 
sounds except those 
stores the transduced speech and plays it 
speaker. Lee reported that de- 
ing of speech, and sometimes 


exclude all airborne conveyed by a closed-loop audio- 
tape system. The magnetic tape 
back as a delayed feedback to the ears of the 
layed side-tone induced stuttering, marked slow , mel 
complete blocking. Other sound-producing motions were affected similarly. 

A long series of studies on delayed auditory feedback has confirmed Lee’s 
d many more specific findings concerning 


(K. U. Smith, 1962; Yates, 1963). A 


e of learning under the delay condi- 


general results and has establishe 
the nature of the induced disturbance 
few studies which investigated the natur 
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tion showed that limited improvement in performance can occur (Tiffany & 
Hanley, 1956; Winchester, Gibbons, & Krebs, 1959). Artificial stutter induced 
by the delay is reduced, and the slowing in speech which occurs initially 
may become less marked with practice. However, persons who learn to over- 
come the effects of the delay apparently do so by ignoring the delayed sound 
and using a different channel of feedback control (Goldiamond, Atkinson, & 
Bilger, 1962). 


CowPurER-CoNTROLLED DELAYED FEEDBACK 


A computer-controlled closed-loop system has several significant ad- 
vantages in delayed-feedback research. Besides providing precise control of 
delay intervals over a considerable range, such a system makes it possible to 
study both visual and auditory delay and to compare the effects of delay with 
the effects of other feedback variations (Smith et al., 1964а). 

A computer system used іп delayed-feedback studies is diag 
Fig. 5. For speech research, the subject sits in a small sound-re 
speaks into a precision microphone, and receives auditory feedback through 
protected earphones. The speech is recorded on a tape recorder located out- 
side the subject's room and also may be displayed on an oscilloscope visible 
to the experimenter. To condition the microphone signal for computer pro- 
graming, it is amplified, filtered if necessary, and then put through a small 
analog computer which samples the speech signal 
10,000 cycles per second and converts it to di 
is delayed by the computer, then deconverted to analog form, filtered, ampli- 
fied, and presented to the subject as delayed auditory feedback. 

Programing the computer to control feedback 
tualized as a process of. electronically writing in 
feedback signal on the localized spaces of the iron memory core. The delay 
is produced by spatially separating the read-out point from the pointat which 
write-in of the signal occurred, and the length of the del 
the distance between the two points. Minimum delay (the feedback condition 
of "no delay") is obtained by reading out a signal at the same core point on 
which a write-in has just been made. The minimum delay in our present setup 
is .0002 second. Maximum delay is obtained by writing in ata point just be- 
yond that at which reading out occurred in the previous programing cycle. 
The actual maximum thus depends on the storage capacity of the memory 
core, which in this case is 19,880 bits, and the rate at which bits of informa- 
tion are written in. Using a sampling frequency of about 10,000 samples per 
second, we secure a maximum delay of about 2 seconds. Longer delays can 
be obtained by reducing the sampling rate. We have been especi 


ramed in 


sistant room, 


at rates up to approximately 
gital form. This digitized signal 


delay can be concep- 
and reading out the digitized 


ay is determined by 


ally in- 
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r system for research on delayed auditory feedback. Elec- 
à scientific computer (Control Data Corpora- 
preprogram, and deconvert the sound signal 
The sounds of speech and other forms of 
turbed before being presented as 


Fic. 5. Using a compute 
tronie converters and а genera -purpose 
tion 160-A) are used to convert, sample, 
in a closed-circuit auditory feedback loop. 
sound production can be delayed or otherwise регі 
auditory feedback. (Based on К. О. Smith et al., 1964a.) 
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terested in feedback delays from about 1.2 to 2.7 seconds because any com- 
munication between earth-bound control stations and space vehicles on the 
moon would be delayed by intervals within this range. The time needed to 
transmit signals to the moon and to receive returning signals ranges from 
2.38 to 2.71 seconds, depending on orbital positions. 

Our present computer system is designed to perform various kinds of ex- 
perimental measurements and to control different read-out checks on the 
speech signal in addition to delaying or otherwise manipulating the signal. 
Oscilloscope and oscillograph read-out checks can be made at selected points 
in the analog-digital and digital-analog converters, which make it possible 
to determine àt any time the accuracy of input-output control of the system. 


LEARNING WITH COMPUTER-DELAYED AUDITORY FEEDBACK 


A number of experiments have been carried out to compare the effects of 
delay with the effects of other variations of the feedback signal. The effects 
of computer-controlled delay also have been compared with effects obtained 
with audio-tape systems. Results on delayed speech were obtained from 10 
subjects who were either graduate students or members of the laboratory 
group (including the author of this chapter). In all observations, subjects 
were asked to read or speak on fairly technical subjects. 

To our knowledge, this was the first successful use of the 
to transmit human speech with fidelity, and the quality of the 
our expectations. The system transmits the speaker’ 
voice quality and retains subtle feature 
mitted over the 


digital computer 
signal exceeded 
5 voice with its individual 


s of enunciation. Two voices trans- 
stem simultaneously are he 


Computer-controlled speech seems to be 


ard as two distinct voices. 
somewhat lower in pitch than the 
hat more resonant quality, but proved 
s. Instrumental music 
trolled by the computer with a high degree of fidelity. 

In general, computer-delayed speech feedback produces effects similar 
to those produced with the audio-tape technique. In some ca 
technique seems to produce more striking results than 
because the computer transmits speech sounds with 
techniques produce a peak disturbance with del 
second. 


normal voice and also has a somew 


entirely satisfactory for our purpose also can be: eon: 


ises, the computer 
audio tape, possibly 
higher fidelity. Both 
ау magnitudes around .2 


There are marked individual differences in response to delayed auditory 
feedback, and the severity of the effects appears to increase with age. In- 
dividual patterns vary from slight slowing of speech and increase in intensity 
to radically disorganized speech that resembles that found with some 


neuro- 
logical disorders. Stuttering, blocking, emotional voice quality 


, and other 


CYBERNETIC THEORY 441 


radical alterations in the speech pattern are observed. Individuals who show 
severe disturbances are affected by a wider range of delay intervals than are 
those persons who display only minor effects. 

Repeated exposure to the delayed speech produces many modes of ad- 
justment in different subjects. Some persons improve their speech with prac- 
tice while others show little or no change and still others may get worse. 
Although many persons can improve if required to read only short sentences, 


continuous reading may produce poorer and poorer performance. Some per- 
sons who show only limited initial reaction to the delay may subsequently 
break down and then be unable to reestablish control. Persons who can per- 
form under the delay condition with few speech disturbances seem to find 
the task even more demanding than individuals who show marked disturb- 
ance. This suggests that overcoming the effects of the delay may involve 
other channels of feedback control which are more difficult to monitor than 
the auditory channel. There appears to be no true learning to react to the de- 
layed signal, and any adaptation that occurs apparently involves establishing 
some other pattern of feedback control. 

We have found that material read under delayed feedback conditions is re- 
tained better by subjects who show marked disturbances than by those who 
are affected only slightly. This result seems to indicate that persons who are 
able to maintain their speech are controlling it by sensory-feedback signals 
which do not convey systematic meanings. 

We have used the computer system to study delayed auditory feedback of 
a number of sound-producing responses other than speech. Delayed whistling 
blocks and slowing and slurring of sound production. 
auditory feedback of musical instrumentation vary 
More marked effects are noted with instruments 
as a wind instrument, than with 


and singing produce 
The effects of delaying the 
with the type of instrument. 


requiring continuous control of sound, such 
he piano on which discrete sounds are produced in 


ik disturbance can be found with delay intervals 
in contrast to the peaking effect at .2 second for 
instruments the severity of disturbance 


Instruments such as t 
Series. In some cases, a реа 
of about .4 second or above, 


delayed speech. However, with some 
; as a function of the magnitude of the delay. | 
al instrumentation with delayed feedback are of particular 


interest because results can be obtained from persons who have achieved 
к | ici u P ғ; 
varying levels of proficiency in performance. Expert musicians are affected 
auditory feedback than novices and refuse to perform 
| A i: 
condition. Also, more marked effects are found 
with difficult musical scores than with simple scores. These results indicate 


that the severity of the disturbance may vary directly with the precision of 
control normally required in the activity. There are reasons to believe that 


increas 


Studies of mu 


far more by delayed 
repeatedly under the delay 
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this relationship also holds for delayed speech. Subjects (musical novices) 
who practice piano playing with delayed feedback show only limited 
improvement. 

We have carried out learning experiments with delayed auditory feed- 
back by setting up tasks such as tracking or tracing in which errors produce 
sound signals. Results indicate that adaptation to the delayed signals is 
largely a matter of finding some secondary channel of feedback control which 
can be used to regulate response and to promote learning. For example, the 
availability of proprioceptive and cutaneous feedback in tracking tasks makes 
it possible to learn even when the auditory error signal is delayed. 

The computer system makes possible direct comparisons between delay 
and other experimental manipulations of the auditory feedback signal. Pro- 
grams can be written to interrupt the sound at various intervals, to produce 
artificial repetitions in speech, to invert specified intervals of speech, and 
to distort the feedback signal in various ways. Preliminary study of some of 
these feedback variations suggests that the informational or time-sampling 
interpretation of speech control, which attempts to describe the perceptual 
nature of speech in terms of stimulus properties which can be specified as 
binary bits of information, misses the important characteristics of speech as 
an organized closed-loop response system. The information model makes no 
provision for the temporal requirements of the speech transmission system 
and thus cannot predict the disturbance effected by delayed auditory feed- 
back or provide hypotheses to be tested in this area of research. The phenom- 
ena of delayed auditory feedback are just as foreign to the formulations of 


information theory as they are to conventional association, conditioning, and 
reinforcement doctrine. 


LEARNING ВвЕАТН CONTROL with DELAYED VISUAL. FEEDBACK 


In a previous section, we described how we use the computer system to 
control a visual feedback display of breath control. Using this technique, we 
delayed the visual feedback for various intervals and obtained records of 
breath control over a series of practice trials. Figure 6 presents a series of 
I-minute records with visual feedback delays between .0 and 3.2 seconds 
obtained from a subject fairly late in a practice series. It will be observed that 
the basic pattern of the movements changes considerably as a function of the 
delay magnitude. As the delay is increased up to 1.5 and 2.0 seconds, the 
magnitude of error increases. Extracting the first derivative or velocity com- 
ponent of these records reveals that changes in velocity follow a different 
function. With increased magnitude of feedback delay, the velocity of the 
control movements becomes more variable and also decreases in magnitude. 
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Fic. G. Variation in the pattern of movement with different m of delayed 
feedback. (Experiment in colla aboration with Dr. J. P. Henry & R. Junas.) 


The records indicate that the pattern of neurobehavioral control varies sys- 


tematically with increases in magnitude of feedback delay. 

The nature of learning change under conditions of delayed feedback was 
studied by obtaining practice series of breath- control records with delayed 
visual feedback. A comparable series of records obtained with zero delay was 
shown in Fig. 4. Improvement occurred under both conditions, but the final 
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level of accuracy achieved with feedback delay did not equal the level of 


control learned with no delay. Some positive transfer of learning was found 
from one delay interval to others. 

Both performance and learning under the delay condition were highly un- 
stable and subject to irregular variations and regressions to earlier levels. 
Transfer effects also were highly variable and unpredictable. 


The whole 
picture of response and learning with delayed feedback is that of an unstable 
system marked by irregularities of control and periodic lapses of control. 
These effects are as marked with delayed visual feedback as with del 


ayed 
auditory feedback. 


LEARNING WITH DELAYED TELEVISED FEEDBACK 


A limited number of delayed feedback studies have been carried out with 
closed-circuit television techniques in order to delay a true pictorial feed- 
back image (K. U. Smith, 1962). One study involved presenting a simulated 
feedback image to the subject in the manner shown in Fig. Т, Two closed- 
circuit camera-monitor chains were used, one of which transmitted a tele- 
vised image of the subject’s manual performance to the monitor of a trained 
observer, and the other of which transmitted an image of the observer's per- 
formance to the subject’s monitor. The subject was told that he was seeing an 
image of his own hand and arm delayed electronically. He 
trace a maze by watching the hand performing in the 
what he saw was the image of the observer's h 
performance. White gloves and black 
observer aided in the deception. 

With this simulated feedback technique, it w 
back image watched by the subject for diffe 
started his delayed performance either afte 
2 seconds, after the subject was half-w 


was instructed to 
monitor image. Actually, 
and, duplicating the subject's 
arm covers worn by both subject and 


as possible to delay the feed- 
rent intervals. The observer 
ra short interval of about 1 to 
ay through the maze-tracing task (about 
15 seconds), or after the subject had completed the task (about 30 seconds). 
Four subjects practiced maze tracing at each of these delay conditions for 
five trials per day for three days. Two types of accuracy score 


s for the three 
groups as a function of practice periods are shown in Fig. Т. The very slight 
improvement shown was not significant. 

A number of experiments were carried out using a video-tape recorder to 


record the televised image of performance and then to play it back to the sub- 
d. Subjects were asked to practice 
tracing and dotting tasks “blind,” and then were shown the 


delayed recorded 
feedback image at the conclusion of each trial. Only the most limited learn- 


ject’s monitor after a task had been complete, 


ing occurred under this condition. 
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Fic. 7. Method and results of a study of learning with variable delayed feedback 
simulated by means of a dual camera monitor television chain. The curves show the 
two (уре of accura б scores in a simple maze-tra ing task as a function of practice with 
three different magnitudes of concurrent delayed feedback (approximately 1, 15, and 


30 seconds). (Based on K. U. Smith & Smith, 1962.) 


Frrppack DeLay AND REINFORCEMENT DELAY IN LEARNING 


of the feedback concept is recognized widely, but there 
is an unfortunate tendency among psychologists to equate feedback with 
) with reinforcement. Delayed feedback then is 
inforcement, and individuals are said 
and learning with delayed feed- 


The significance 


knowledge of results and alsc 
assumed to be equivalent to de 


to show marked disturbances of per 
writing, 
fferent from those used in the feed- 


layed re 
formance 
back because their speech, hand and other movements were learned 


originally with reinforcement delays di 


back experiments. 

The possibly erroneous nature of these assumptions can be shown by 
comparing the empirically determined effects of reinforcement delay and 
feedback delay. It should be noted that it is very difficult to demonstrate 


detrimental effects of reinforcement delay in human somatic behavior, and 
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no systematic functions for human subjects have been published. However, 
the delayed reinforcement data obtained by Wolfe (1934) on rats were plotted 
by Hull (1943) to show decreasing effectiveness of reinforcement as a function 
of delay interval. Although response strength dropped off rapidly with delays 
between 0 and 30 seconds, the decline was much more gradual with longer 
delays. With a 1-minute delay, response strength was plotted at a level one- 
third as high as maximal, and some learning occurred even when reinforce- 
ment was delayed as long as 20 minutes. The results of delayed feedback ex- 
periments show nothing comparable with these results on delayed reinforce- 
ment. Most of the major disturbances of performance and learning with 
delayed feedback occur with delay intervals of less than 1 second. Further- 
more, the disturbances of performance contro 
back do not appear with delayed reinforce 
difference is that reinforcing events 


that occur with delayed feed- 
ment. The obvious reason for this 


are extrinsic to the sensorimotor mecha- 
nism whereas feedback is an intrinsic compone 


nt of response, necessary for 
its control. 


In our opinion, the major conclusion that should be drawn from the re- 
search on delayed feedback is that disturbances induced in behavior and 
learning are the result of perturbation of the immedi 
sensory feedback stimuli. These 
loop response control and learnin 


ate movement-produced 
stimuli are absolutely essential for closed- 
g and are not equivalent to reinforcement or 
to static after-effects providing knowledge of results. Explaining the effects 
of delayed feedback as due to a disturbance of learned open-loop contin- 
gencies rests on a number of gratuitous assumptions and discloses an ignor- 
ance of the nature of closed-loop cybernetic control in behavior. Any pattern 
of movement, whether of the receptor or of the somatic motor system, is con- 
trolled not by "perception" or by motor factors alone, but by continual 
perceptual-motor interactions provided by the feedback mechanisms: When 
any property of the controlling feedback pattern is altered, as in temporal 
delay, spatial displacement, kinetic transformation, е 
form of the response is changed. One of the effe 
the pattern of response — for example, by intro 


ments, or by changing from a continuous pattern to discrete movements —in 


order to adapt the control pattern to perturbed feedback conditions. How- 


ever, research results show that only the most limited adaptation can be made 
to the temporal perturbation of delay. 


or time sampling, the 
cts of learning is to modulate 
ducing compensatory move- 


Cybernetic Analysis of the Spatial Factors in Learning 


Since the time of Helmholtz (1925), 


it has been recognized widely that 
one of the most prominent features of b 


ehavior in perception and learning 
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is its spatial organization. Yet outstanding behavior theorists, including 
Helmholtz, have tried to explain spatial organization as a by-product of 
temporal organization. All associative learning theories as wellas the accepted 
doctrine of synaptic integration of response assume that the behaving sys- 
tem differentiates and integrates events on the basis of their temporal rela- 
tionships—i.e., that the system somehow is sensitive to time itself. Such a 
view poses enormous logical problems that to our mind are chimerical. 

One of the main contributions of the cybernetic approach is to call atten- 
ganization of response, to devise methods for 


tion to the primary spatial or; 
analyzing it, and to suggest neural mechanisms whereby it might logically be 


mediated (K. U. Smith, 1961a, b; K. U. Smith & Smith, 1962). A first impor- 
that the classical studies of displaced vision (Brown, 
terson, 1938; Siipola, 1935; Stratton, 1896, 
the area of cybernetic research. 


tant step was to recognize 
1928; Ewert, 1930; Peterson & Pe 
1897, 1899; Wooster, 1923) actually originatec 
These studies of geometric displacement of movement-generated stimuli 
were extended by better controlled optical methods (Rhule & Smith, 1959), 
Ї ion techniques (К. U. Smith, 19610; К. U. Smith & 
Smith, Stanley, & Harley, 1956), and closed-loop 
t al., 1964a; К. U. Smith & Smith, 1966). 


more flexible televis 
Smith, 1962; W. M. Smith, 
computer methods (K. U. Smith, е 


LEARNING wiTH ANGULAR DISPLACEMENT OF FEEDBACK 


Cybernetic theory implies directional guidance of response based on de- 
tection of differences in stimulus patterns. Behavior control can be likened 
to control by electromechanical servosyste | | 

Ponent according to detected differences in input patterns. However, control 
à greatly complicated by the complexity of the system. 
Е аѕ multidimensional patterns of response. 
and other moving parts constantly change 
thus spatially displacing the stimulus 


rol is maintained. However, the 


ms, which orient a movable com- 


of a behaving system is 
It has many input channels as well 
Furthermore, its mobile receptors 
position with relation to each other, 


feed] ans of which cont 
back patterns by means М 
ce aaintain normal efficiency and accuracy of performance 
ma 4 " ic 


angular range of displacement, the actual 
system, the kind of response pattern, 

and other variables. Angular displacement be- 
akdown in perceptual orientation, pattern 
and learning, the degree of which will vary as a 

à he feedback displacement. The concepts of 
angular displacement were introduced 
of the important functions of learning 
эде — that is, the range within which 


behaving system can 
Within what we call the 
extent of which уапев with the receptor 
its precision, its complexity, 
ge causes bre 


*normal 


yond this normal ran. 
recognition, motor control 
function of the magnitude of t 
normal and breakdown range$ of 
d in Fig. 1. One 
il displacement гат 
maintained. 


earlier and diagrame 
is to extend the norma 
performance efficiency can be 
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These ideas constitute a central hypothesis of our version of cybernetic 
theory and have been tested in controlled studies of performance in dis- 
placed televised fields. A clear demonstration of the breakdown function was 
obtained in an experiment on maze tracing illustrated in Fig. 8. Subjects 
were trained for 9 days to trace a paper-and-pencil maze by watching their 
performance in a television monitor. Four different camera placements dur- 
ing training displaced the locus of vision 0, 20, 40, and 60 degrees from 
normal. On the 10th day, the subjects were tested for 


accuracy with the eight 
camera placements shown in the figure. The cur 


ve in the figure shows the 
mean number of errors (in tracing cleanly through the short passageways of 
the maze) plotted as a function of visual displ 
error level remained constant with visual displacements through 40 degrees 
but then rose sharply with larger displacements. In experiments of this sort, 
the extent of the so-called normal range of displ 
the difficulty of the task and the precision rec 
performance with different spatial displacements has been shown to improve 
with practice (K. U. Smith & Smith, 1962; K, U. Smith, Wargo, Jones, & Smith, 
1963b). In one experiment (McDermid & Smith, 1964) 
were obtained for dotting, drawing 
either directly (normally oriented) 

as to look normal) with televised fe 
270 degrees from the normal locus. 


acement. It can be seen that 


acement depends in part on 
quired. Further, the efficiency of 


„learning functions 
and handwriting motions performed 
or in compensatory fashion (oriented so 
edback images displaced 0, 90, 180, and 
Two main assumptions were being tested, 
namely: (1) that learning functions will vary with both magnitude of dis- 
placement angle and mode of response; (2) that compensatory response or 
negative feedback control will be less accurate than direct response inas- 
much as compensatory performance involves more feedback discrepancies 
than the direct mode of reaction. 


The results of this experiment, as tested by Duncan's (1955) multiple 
range tests, showed significant variations in movement times for both mode 
of response and magnitude 


of displacement. Level of e 
learning change were greatest for compensator 
degree displacement angles. With the direct 


due to displacement angle w 


rror and degree of 
Y response at 90- and 180- 
mode of response, the variation 
at except for the difference between 
ег displacement conditions. The 270- 


as not gre; 
the 0-degree displacement and the oth 
degree displacement condition (equivalent to 90 degrees to 
little difficulty, probably because right-handed writin 
the right and thus is controlled easily by right-h 
feedback angle. Performance varied significantl 
plexity (there were no significant differences for 
movement components (travel and manipul 
tice. With the large displacement condition 


the right) caused 
g normally slants to 
anders with the 270-degree 
y for tasks of different com- 
the dotting task), for different 
ation), and as a function of prac- 
5 used in this experiment, draw- 
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ing and writing times were still elevated above normal after 9 days of practice 
but the mean differences had been reduced considerably. The behaving sys- 
tem can adapt fairly well to spatial displacements of feedback patterns al- 
though, as we have seen, there is little or no adaptation to temporal delay. 

The data of this experiment showed that practice increased the number 
of significant differences in performance times even though the size of the 
differences was reduced. This indicates that responses became more sharply 
differentiated relative to directional characteristics of the feedback-control 
patterns. Other observations have revealed similar direction-specific ranges of 
cybernetic control for particular receptor systems. For example, if we require 
a subject to read material located on a vertical surface before his eyes and then 
rotate the material to the right or to the left, different breakdown thresholds 
are obtained for the different directions of rotation. Similarly, one can de- 
termine breakdown thresholds for maintaining single vision of disparate 
stimuli by convergence and divergence movements of the two eyes. 

These observations support the assumption of our neuronic theory that 
there are direction-specific neural detection mechanisms related both to the 
exteroceptive and proprioceptive systems of the 


body. Inasmuch as normal 
ranges of directional control may be | 


arge, it is likely that regional direction- 
specific neuron mechanisms of the brain could spre 


ad over a good part of a 
cortical projection area. Hubel (1963) and Hubel and Wiesel (1962) found in 
the striate areas of the cortex of c; 


ats direction-specific complexes of neurons 
which may represent mechanisms for visual control within certain feedback 
displacement ranges. 


AXIAL COORDINATE CONTROL MECHANISMS 


Another postulate of our cybernetic the 


ory is that body motion is patterned 
in relation to environmental 


stimuli within a coordinate 
provided by axially organized feedback- 


postural-gravitational and bilaterally symmetrical transport systems of the 
body constitute built-in vertical and lateral refere 
all movements with respect to the positi 
system adjusts the direction of moveme 
while the system itself is changing 
tested in this regard is that displace 
axes will have differential effe. 


frame of reference 
control systems. The idea is that the 


nce mechanisms to direct 
on of the body. Thus, the behaving 
nts relative to the axes of the body 
position in space. One hypothesis to be 
ments of feedback signals along the major 


cts on performance and learning. In a number 
of experiments testing the relative effects of visual inve 


rsions and reversals, 
we assumed further that inversions would e 


ffect greater disturbances than 


reversals because the postural movement system providing the up-down ref- 
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erence is more basic and phylogenetically older than the bilaterally refer- 


enced transport system. 
Figure 9 illustrates an experiment on tracing movements, in which a sub- 


ject controlled his own movements by watching a television monitor. The 


scanning circuits of the television camera were modified so that the television 
image of performance could be presented in normal, reversed, inverted, or 
inverted-reversed orientation. Since other factors remained the same while 
only these feedback conditions were varied, exact experimental comparisons 
different patterns of closed-loop control. Sub- 
sac along its 


could be made between the 
jects traced a star maze which had numerous grooved culs-de- 
tual control and to provide an error score along with 
tronic motion analyzer. Four groups of 


edges to prevent easy (ас 


the time scores recorded by an elec 


Overhead 
camera dolly 


Enclosed 
booth 


Monitor Performance 


Seconds 


Inversion 
А Rev.- Inv. 
Normal 

Reversal 


with visual feedback displacements 


Fic. 9. Me Р „sults of study of learning 
Iethod and results ot 5 U. Smith & Smith, 1962.) 


in differ. и ә n C 
1 different axial dimensions. (From К. 
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subjects practiced for 4 days, each group with a different orientation of the 
feedback images. 

Learning curves for movement times are shown in Fig. 9. Each point 
plotted represents the mean for eight consecutive trials. Variance due to 
both practice and displacement conditions was 


significant. These data sup- 
port our hypotheses that different displacement conditions will produce 
differential leaming functions and that disturbance will be greater with in- 
version than with reversal. As expected, the inverted-reversed feedback did 
not impair performance and learning as much as inversion alone, presumably 
because the latter not only involves disturbance of the 
gravitational reference system but also changes the 
lationships with the bilateral transport reference 
task, subjects performed as well with the right-le 


did with normally oriented feedback. 

The differential effects noted in this experiment have been obtained in 
numerous similar studies on handwriting, tracing, drawing, target location, 
tracking, panel-control manipulations, gait, and other types of motion pat- 
terns. We believe that such results indicate decisively that regulation of 
motion involves coordinate control by separate feedback reference systems 
related to the up-down and right-left axes of the body. We also believe that 
these independently variable reference systems can be identified with the 
central postural system which regulates reactions in the vertical plane of 
action, and the bilaterally paired feedback mechanisms of transport move- 
ments. These interacting mechanisms would se 
inertial reference system by means of whic 
can be controlled in relation to specific 


primary postural- 
normal coordinate re- 
system. In this particular 
ft reversed feedback as they 


em to provide a coordinate 
h the space patterning of motion 
external environmental patterns even 
as the body’s position varies in space. 

control involves integrating the feedback pattern of a particular manipulation 
made in relation to objects or external stimuli with the 
feedback patterns of transport and postur: 
become efficient through learning, 
loop processes along its spatial 


In this view, learning psychomotor 


internalized reference 
al motion. In order for a response to 
it must be controlled precisely by closed- 
dimensions as well as in its temporal and ki- 
netic characteristics. The neural implication of these ideas is that separate 
direction-specific regional detection systems of exteroceptive and proprio- 
ceptive control exist in the brain, and that these neuron detection systems 
are modified in learning by the feedback effects of movement. | 


DIFFERENTIAL ADAPTATION TO DisPLACED FEEDBACK 


A major postulate of cybernetic theory is that the relati 


ve complexity and 
precision of the motion pattern 


as well as the extent and dimension of feed- 
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back displacement affect the course of learning and the final level of per- 
formance in a task. In one experiment (Fig. 10), training in writing, drawing, 
and dotting tasks with prism-inverted visual feedback was extended over a 
period of 20 days. Twelve subjects performed either direct (normally ori- 
ented) or compensatory (written to look normal in the inverted field) re- 
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and compensa 
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back. (Based on К. U. Smith & 51 
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sponses. Contact and travel movements were timed separately with an elec- 
tronic motion analyzer. This experiment produced some of the most orderly 
learning functions which the writer has ever seen in motor-skill research. 
The curves in Fig. 10 show contact times for writing a’s, drawing triangles, 
and making series of dots in either direct or compensatory fashion. The 


course of learning varied significantly with the complexity of the t; 


and 
with the type of response made in the inverted field. Movement times for 


writing and drawing did not reach the level established with normally ori- 
ented feedback even after 20 days of practice, and the differences between 
normal and displaced visual feedback were signific 
experiment. 


ant throughout the 


These results challenge the assumption some 


times made that subjects 
given sufficient practice with inverting spectacle 


5 ог prisms will show com- 
plete adaptation to the displaced vision (Kohler, 1951a, b, 1955; Snyder & 
Pronko, 1952; Held & Hein, 1958; Held & Schlank, 1959) 
fact, careful examination of the data of prior e 
suggests that claims for generalized perceptu 
are unwarranted. These experiments have 


‚ As a matter of 
xperiments on displaced vision 
al adaptation to inverted vision 
demonstrated limited adaptation 
of certain motion patterns, such as locomotion and object manipulation, but 
as Stratton’s (1897) original studies indicated, adaptation never is complete. 

All of the displaced feedback experiments suggest very strongly that 
plasticity of response in learning is based on spatial variations in the con- 
trolling feedback patterns. Cybernetic research investigates many parameters 
of feedback control —space displacement, intermittency, delay, kinetic varia- 
tions, signal variations, and other systematic transformations. The delayed 
feedback studies have shown that responses are time specific, for the intro- 
duction of delay in the feedback loop degrades accuracy and prevents con- 
sistent learning. The only type of feedback у; 


ariation that has been found to 
produce systematic variations in performance is the spatial one. Although 


an produce marked initial disturbances in 
apts to them at rates and to final le 
dimensions and magnitudes of displ 


learning of overt movement control 
to receptor cybernetic control or perception. 


experimental space displacements с 
performance, the individual ad. 


vels that 
are specific functions of the dcement 
These statements apply to the 


as well as 


Sparta, Factors iN RESPONSE SPECIALIZATION 
An understanding of response specialization in learning 


is basic to our 
understanding of memory and transfer 


for a response must become spe- 
sponses before it can be 
or transferred. Cybernetic theory proposes that re 


cialized or differentiated from other re iemenibered 


sponse specialization is 
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based primarily on spatial properties of the controlling feedback patterns 
rather than the temporal factors of traditional learning theory. Several seam 
en conducted to test this hypothesis all show 
condition of space-displaced feedback are 
ays to other conditions of space- 


of experiments which have be 
that responses learned under one 
highly specific and transfer only in limited w 
displaced feedback. | 

In one experiment, one group of subje 
pattern with inverted feedback with practice 
Their performance under the inversion condition did not differ from the per- 
formance of another group of subjects who practiced only with inverted feed- 
back, indicating that there was no significant interaction in the first group 
between the inverted and normal visual training. 

Similarly, transfer tests have shown that responses learned under one dis- 
Placement condition show only limited transfer to other displacement con- 


ditions ; ^ А ; ; 
itions. When tracing, dot location, and drawing motions were practiced 
inverted-reversed visual feedback conditions, 
dly when the same responses were 


cts alternated practice of a response 
under normal visual conditions. 


under inverted, reversed, or 
performance efficiency dropped marke: 
tested under the other feedback conditions. 

. Another experiment tested whether perceptual training under conditions 
af displaced visual feedback would trai to related psychomotor tasks. 
Subjects practiced reading inverted mate 
erted writing. Trainit 
ability to write and draw 
e of a high degree of specificity in 
arning under particular 


aster 
rial and then were tested for trans- 
fer of this training to inv jg in inverted reading had no 
discernible effect on the subjects’ with inverted 
vision -a finding that provides evidenc 
Perceptual learning as well as in overt psychomotor le 
Spatial feedback conditions. 
| In a series of experiments subj 

Oriented) or compensatory response to various conc 

action with the 


other mode of тег 

of spatial specialization у 
d between the two response 
secificity of feedback control 


rent directions under four 


ects were trained in either direct (normally 
litions of displaced vision 
same displacement 
vas evidenced by 
conditions. 


and then tested in the 
Condition. Again, a high degree 
the fact that little or no transfer occurre 
s of dire tional sy 
ight diffe 
ts traced a four-pointed star 
inverted-reversed visual feedback while 
nt times in eight different directions 
„ With four different feedback 


c Our most extensive analy: 
'ompar 3 к 
1 Mpared the learning of movements in € 
differ м = J. Subjec 

ifferent orientations of visual feedback. Subjec 
or 


Wi 
th normal, reversed, inverted, 
me 


motion analyzer recorded move 
Corresponding to the eight segments of 
Hrientations and eight different directior 
арргаіѕе the degree of functional differentiat 
erent spatial conditions of feedback control. E 
Practiced under one of the four ent conditions for 


the sta 
is of movement, 
arning under 32 dif- 


it was possible to 


ion in le 
ac ach group of eight subjects 
24 trials per 


displacem 
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The cybernetic approach suggests a new ba 


s for understanding similarity 
between two learning situations. If behavior is a closed-loop proce E ш 
and responses should be considered not separate entities but interrelated 
events in a feedback loop. Similarity between activities and thus the degree 
of interaction between them depends not on isolated stimuli or isol 


ated motor 
responses alone, but on relationships between patterns of feedba 


On the basis of present knowledge, we believe that the 
specialized pattern of learned response will be utilize 
situation will be determined generally by the simil 


ck control. 
extent to which any 
d in some subsequent 
arity of the space, time, 
kinetic, and transformational properties of feedback required in the two situa- 
tions and the relative complexity and precision of the 
in the two situations. We also believe 
will present difficulties because 


control patterns used 
that predicting specific transfer always 
of the complexities involved in multidi- 


mensional response control and man’s flexibility in shifting and modifying 


his pattern of control as a result of practice or of changed conditions. Be- 
cause of the changes induced in the control of a learned task by practice, its 


similarity to another task also will vary. Inasmuch as skills involve postural, 
transport, and manipulative 


components, similarities 
exist at different levels of control. For ex 
ilar in their pattern of transport move 
ulative components; or simil 
transport pattern. Further, 
patterns of some tasks 
transfer effects, 

The most general finding of all prior research on transfer of human learn- 
ing is that generalization usually is very limited. This is e 
the so-called psychomotor skills, tool using 
specialization of learning reflects the 
ate countless different spatial p 


and differences may 
ample, two skills may be very sim- 
ments and very different in their manip- 
ar in their manipulations and different in their 
the wide individual differences that exist in control 
add greatly to the difficulties involved in predicting 


specially true of 
and machine operations. This 
ability of the individual to differenti- 
atterns of feedback control. 

A transfer phenomenon that is more difficult to interpret is that of nega- 
tive transfer, which indicates not just difference but interfe 
two response patterns. Negative transfe 
similar or unrelated tasks, but when sc 
dissimilar. For example, transfer 


quires the same g 


rence between 
r occurs not between extremely dis- 
me elements are simil 
may be negative when the tr. 


eneral pattern of feedback control 
involves change in dire 


ar and some 
ansfer task re- 
as the learning task but 
nt of some one component. 
if the learning and transfer tasks are 


rall, but require a shift from simple to more complex 
patterns of feedback control, from less precise to more prec 


ise control pat- 
terns, or from nondelayed to delayed control or vice 


versa. Many examples 
of negative transfer in machine skills appear to involve these factors. ' 


ction or space displaceme 
Also, negative transfer may be found 
organized similarly ove 


CYBERNETIC THEORY 459 


An unsolved problem of particular relevance to psychomotor skill train- 
ing is that of asymmetrical transfer between two given tasks, where the 
problem is to identify the factor or factors which determine optimal order of 
training. In some cases, it appears that transfer is greater from a difficult 
task to an easier task than vice versa, but this is not always true (Holding, 
1962). For example, in tracking tasks where difficulty is assessed by accuracy 
Scores, transfer usually is better from the more precise task to the less pre- 
cise. Our own analyses of skill learning lead us to believe that asymmetrical 
transfer effects are related to the complexity of the feedback control patterns, 
ganization of an external task 
nts, or the type and 
s that transfer gen- 


Where complexity may involve the spatial or 
Pattern, the intrinsic organization of movement compone 
degree of feedback transformations involved. It appear 
x to less complex tasks than vice versa. 


erally js ч 
tally is better from more comple 


Receptor Cybernetics and Perceptual Learning 


all aspects of the receptor or input process 
attern recognition, sensory quality, 
eracting feedback- 


А In the present cybernetic view, 
he., sensitivity, receptor orientation, p 
Adaptation, and time functions — are regulated by int À 
Controlled neuromotor systems which generate specific movements of the 
receptor or sensorv surface. Thus, perception atany stage of learning reflects 
the nature and refinement of these cybernetic control mechanisms. 

Observations and research findings extending back to Cajal (1911) provide 
evidence that the receptor systems of the body are neurally organized for 
feedback control. Cajal observed that nerve fibers arising in visual centers 
9f the brain extend back to the retina. Such efferent-afferent connections 
also have been identified in the auditory system (Davis, 1951) and in the рю" 
Prioce 1955). Centrifugal efferent-afferent connections 
al motor system feeding back to the 
Magni, Melzack, Moruzzi, & Smith, 
these efferent-afferent in- 


| Ptive system (Granit, 
ч have been found in the pyramid 
Tee column nuclei of the cat’s hisin ( i de 
959). According to our cybernetic interpretation, 1 ra 
ternuncial cells govern the sensitivity and pattern of stimulation o R ле re- 
Ceptor surfaces "E the afferent input into motor centers by 1 а 
erences between the efferent output beyond the receptor and the afferent 


but to the receptor 

For Fe ык он been recognized that certain specific soci 2 10 — 
nisms govern the stimulus process of receptor systems. Prior to W orld War 
Ш, Systematic analyses of optokinetic tracking in the guinea pig, bod and 
man disclosed at these dynamic movements of the eyes are Missus 
relative to level of avalition of focal vision (K. U. Smith & Bojar, 1938), rela- 
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tive to the development of vision and visual acuity in ontogeny (Warkentin 
& Smith, 1937), relative to the neural levels controlling pattern vision, visual 
acuity, and movement vision (K. U. Smith, 1937, 1939, 1940, 1941; К. U. 
Smith & Bridgman, 1943; K. U. Smith & Kappauf, 1940; K. U. Smith, Kappauf, 
& Bojar, 1940), relative to directional neural control mechanisms of the 
superior colliculus (K. U. Smith & Bridgman, 1943), and relative to a number 
of extinction, fatigue, inhibitory, and learning processes and their neural 
basis (K. U. Smith, 1941). Since the concept of cybernetic control of visual 
tracking was clarified during the war period, a m 
extend the experimental study of vision as 
process. 


ajor challenge has been to 
a response-controlled afferent 


More recent findings provide evidence that the 
specifically dependent on its dynamic properties 
tem. Research with the stabilized retinal image (Fender, 1964; Pritchard, 
1961; Riggs & Ratliff, 1951) has demonstrated that the eyes' tremor and flick 
movements are essential for maintaining retinal se 
This type of research complements other findings long recognized as indi- 


cating that the accommodative and pupillary mechanisms of vision and the 
tympanic system of the middle ear are close 
late the visual and auditory affe 


retina's sensitivity is 
as a feedback-control sys- 


nsitivity and pattern vision. 


d-loop mechanisms which regu- 
rent processes. Also, it is widely recognized 
that there are distinctive autonomic neurohormonal feedback circuits which 
affect the state of the pupil and the accommodative me 
the vascular bed of the retina 


We regard research of this sort on stimulus stabiliz; 
just the beginning of a cybernetic 
and adaptation. We may 


chanisms as well as 
ation mechanisms as 
analysis of the receptor process in learning 


ask what happens to the input functions of receptors 
when the afferent process of a particular receptor system is tied in a closed- 
loop arrangement with its own motor system and the feedback properties of 
this loop are then varied. The main objective of experimental receptor cyber- 
netics is to develop methods for the study of variation in 
of these afferent feedback-control systems. In our own laboratory, we have 


explored techniques of introducing spatial, temporal, and kinetic variations 


in eye-movement feedback, using optical, television, and closed-loop com- 
puter systems. 


and perturbation 


CrosrEp-Looe COMPUTER CONTROL OF THE EvE 


Special optical devices have been used to c; 
of the eye as a control System and to study 
ble feedback control (Fender, 1964; Fender 
Our own effort has been to perfect closed-lo 


arry out cybernetic analyses 
the learning functions with varia- 
& Nye, 1961; W. M. Smith, 1964). 
ор computer techniques not only 
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to analyze time sampling of feedback, as Young & Stark (1963) have done, 
but also for systematic experimental variation of all significant properties of 
the feedback-control process (Smith, et al., 19632). As indicated in the third 
diagram of Fig. 2, we arrange a closed-loop digital computer system with an 
eye-movement recorder and an oscilloscope target display so as to establish 
closed-loop control of optical movements with the oscilloscope target as a 
feedback image. The eye movements are recorded photoelectronically and 
the analog signal is amplified and converted to digital form. The digitized 
€ye-movement signal then is delayed or otherwise perturbed by the com- 
puter, deconverted into analog form, and used to activate the oscilloscope 
display 

is to use computer programing to correct 


A critical part of this technique 
lative to the magnitude of 


for nonlinearities in eye-movement recording re 
target movement. That is, the computer is used to make the oscilloscope spot 
томе proportionately to the extent of the eye movements. After the subject 
as fitted with the eye-movement recorder and arranged in a fixed head posi- 
tion, he is instructed to watch the movement of the target blip. The computer 
then is used to generate five successive target spots and to measure the eye 
Movements as the target jumps from one position to the next, establishing the 
relationship as an cutout target-control function. Thereafter, as the subject 
of the positions indicated—the target 
f such computer control has been 
also is used to schedule 


Moves hic е 
ё an his eyes—for example, to one 
у , 
: ^ move to the same position. Accuracy О 
elined to about .5 degree. Computer programing 
trials à 

als and to recalibrate before each trial. 


During experimental observations, subjects are instructed to try to keep 


the oscilloscope. A typical pro- 


the 
ation such as a sine wave into 


target blip centered on a marked spot on 
cedure then is to introduce a spatial perturb 
the feedback image and also to delay transmission of the image. In this situa- 
tion marked variation in how they attempt to estab- 
Some subjects produce system- 
hile others use both compensatory correc- 
vements in attempting to follow the de- 
Still other subjects seem to make 
n this way correct to some extent 


error effects vary with the magni- 


tude of perturbation of the feedback target and with the magnitude of the 
delay, The own of practice is to reduce to some extent the magnitude of 
the error in 8 but the degree of learning depends very 
Sreatly upon the particular modes of response control adopted by the sub- 
Ti Only limited adaptation can be made to the delayed feedback condi- 
Чоп inasmuch as the target position always will lag behind the eye move- 
Ment, Although subjects learn readily to correct for spatial perturbations 


in erdt i subjects show | w 
Ih control over the perturbed visual image. 
d онно movements w 
s actions and positive tracking mo 
ауга image and bring it to the center point. 
* Spatial correction for the delay effect and i 


or the target displacement. In all cases, the 
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alone, no amount of practice enables them to make precise corrections for 
spatial perturbations while the feedback image is delayed. Subjects appear 
to adapt less successfully to delayed feedback from eye move 
that from body movements such as manipulations or spe 
and proprioceptive control can be substitute 
ceptive feedback is delayed. 


ments than to 
ech where tactual 
d to some extent when extero- 


CONTROLLED DISPLACEMENT OF EvE-MOVEMENT FEEDBACK 
A promising step in vision cybernetics is the development of lens-prism 


systems which permit variable control of the spatial displacement of feedback 


from eye movements. A great deal of work, of course, has bee 
effects of displaced vision on gene 


tells us little or nothing 


n done on the 
ral body movements, but such research 
about feedback control of the eye movements them- 
selves. To achieve a more complete visual displacement than is effected by 
inverting and reverting spectacles 


s, the writer has had built? a contact lens- 
prism system which can be placed directly on the eye, as shown in Fig. 12. 


— 


Contact- iens 
prism 


in place 


(йо 


Scleral lens 
mount 


00 


Prism insert 
Prism holder 


-— dnb dans Биа ak " ” 
Fic. 12. Contact lens fitted with rotating prisms for study of geometric displace- 
ment of visual feedback from eye movements. ( C 


In collaboration with Charles Schick.) 


In collaboration with Charles Schick, Indiana University. 
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He wore this contact lens with its adjustable prism mount for about 1 hour 
before the observations were interrupted by technical difficulties. The visual 
effect was somewhat more disconcerting than wearing goggles fitted with in- 
verting prisms, but it could not be determined whether this was due to the 
discomfort of the lens or to the more complete feedback displacement effected 
by mounting the prism directly on the eyeball. There was far greater insta- 
bility of vision with the inverting contact lens than with inverting spectacles 
and there was no evidence of adaptive effects during the period that the lens 
Was worn. 

Successful control of the spatial properties of eye-movement feedback 
may be a major step in the analysis of the eye as a neurobehavioral control 
System. Hopefully, we shall be able to compare the effects of different kinds 
stem and to measure to 


of displacements on feedback control of the optic 
what extent the visual system adapts to controlled feedback displacements. 
wed with the effects of equivalent geometric 


These results then can be compi 
gait motions, as produced 


displacements of feedback from head, hand, and 
by prism and television systems which do not directly affect eye-movement 
control. 

Interest in cybernetic control of the perce 
Search on the specialized feedback control of reading. In one study men- 
tioned sarlier, the transfer potential of inverted reading training was tested 
relation to writing with inverted feedback (Rhule & Smith, 1959). Although 
а highly uniform learning function was demonstrated for reading prism- 
inverted material, no transfer occurred when the task was changed to writing 
in the inverted field, thus showing that receptor cybernetic regulation is 
differentiated from visual-manual feedback control. In a series of studies on 
the feedback organization of reading behavior, it was demonstrated that read- 
mg responses display normal and breakdown ranges of angularly displaced 
feedback, and Gn ten to principles of axial coordinate feedback regulation 

arning functions for spatially 


(K. v. Smith, Cambria, & Steffan, 1964b). Le: 
d systematically relative to the degree and 


ptual process also has led to re- 


displ; : > А 

. — reading material varie 

dimensi жа 
Mensions of displacement. 

PERCEPTUAL LEARNING AND RECEPTOR CYBERNETIC CONTROL 

tics is just in its beginning stages, 


or cyberne 
orientation to psychophysical 


itionary ге 
1 the studies mentioned above, we dealt 
ck control of the external ocular 


th Although research on recepti 
, е field already constitutes a revolv 
BA rig perception, and learning h 

^y With the problems of variable fe 


Muscle « М өзө 
muscle systems of the eye. The equally si 
Inter and the vascular networ 


edba 
gnificant problems of analyzing the 
i k of the retina as cy- 
al ocular muscle system a5 ey 
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bernetic regulators of the retinal process have not yet been subjected to the 
cybernetic approach. In addition, the effects on vision and visual learning of 
physiological perturbations from the cardiac and respiratory systems, which 
no doubt regulate in part the afferent processes of different receptors (Sokolov, 
1963), have as yet to be investigated. 

Current innovations in research on receptor cybernetics represent a fitting 
centennial observance of Helmholtz’s (1925) launching of the empirical doc- 
trine of perception. However, current results promise to corre 
Helmholtz's limitations of judgment in assuming that learning rather than 
genetically defined physiological factors plays the 
ing the characteristics of space vision. Cybe 
cisively that factors of intrinsic physiologic: 
of labor in reflex action have 


ct for some of 


primary role in determin- 
tnetic research indicates de- 
al specialization and division 
a primary function in the visual process, and that 
learning—the empirical factor, so-called—has a derivative and dependent 
role. The nature of the feedback process as it is perturbed both by external 
and internal relationships and events determines the primary sensitizing, 
alerting, orienting, oscillatory, searching, and vigilance characteristics of 
Sensory or perceptual response. Adaptation, extinction, and learned refine- 
ment of the movement-controlled feedback processes can occur with repeated 
stimulation, depending on the time characteristics of the repeated stimuli. 
One main effect of learning is to refine and stabilize the afferent process by 


reducing physiological perturbations. Also, the postural and transport com- 


ponents become less prominent with practice as the perceptual activity be- 
comes more localized and more refined. Finally, the 
to some degree for persisting fe 
ceptual discriminations 


system compensates 
edback perturbations, thus maximizing per- 
and resolution of stimulus patterns. The image- 
ene process emen is thus an integrated cybernetic interaction which 
involves both intrinsic feedback loops and their modification by learning. 


This account of the refinement of Space perception through learning does not 
conform with Helmholtz’s interpretation of 


conform with current assumptions of the e 
based on conditioning and reinforcement con 


a century ago. Neither does it 
mpirical origins of perception 
cepts. 


Cybernetic Design and Instrumental Leaming 


The cybernetic account of instrument 
of closed-loop feedback control to situatio 
formations imposed by the instruments о 
instrument, such as an airplane, a 1 


al learning extends the principles 
ns characterized by feedback trans- 
r machines being used. Any tool or 


athe, or a bifocal lens, effects systematic 
transformations in the space, time, force, velocity, or intermittency charac- 
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teristics of sensory feedback and thus modifies the pattern of response con- 
trol and the nature of the learning function. 

Although there has been some recognition among psychologists that a 
tool or machine or language or other symbol system transforms the control of 
response and its learning, there have been no systematic concepts prior to 
the development of cybernetic theory to specify the nature of such trans- 
formations. The cybernetic assumption is that machines and symbolic sys- 
tems interpose systematic additions to and alternations of the closed-loop 
feedback-control processes between the motor or output phases of reaction 
and the sensory-feedback input. We recognize three main sources of stimulus 
feedback from instrumental behavior that the individual may utilize to gov- 
ern his movements. These include feedback from movements of a bodily 
Dart, such as the arm or hand, feedback from the motions of the tool ог ma- 
chine, and feedback from the action of the tool or machine on environmental 
materials or objects. We refer to these ее types of feedback respectively 
as reactive, instrumental, and operational feedback. In our view, the use of 
Verbal language and nonverbal symbolism also involves sources of reactive, 
instrumental, and operational feedback. 

We make these assumptions about reactive, instrumental, and operational 
feedback in tool and machine operations: (1) that these types of feedback 
are independently variable but interrelated in determining response and 
learning; (2) that various complementary, compensatory, and interfering 
interactions can occur between different sources of feedback; (3) that instru- 
Mental operations often involve variable concurrent and consecutive patterns 
of delayed feedback which interact with the spatial factors to determine the 
Pattern of closed-loop control; (4) that the various sources of feedback pro- 
duce both dynamic and static patterns which are used in closed-loop control; 
(5) that tool-using operations such as cutting, shearing, smashing, pushing, 
Pressing, lifting, throwing, carrying, piercing, forming, and directing are de- 
fined Specifically by sensory patterns produced by interaction of instrumental 
and Operational sources of feedback and are in no way dependent on rein- 
°rcement after-effects; (6) that complexity and difficulty of a particular 1na- 
chine or tool operation are determined by number, variability, precision, and 
magnitude of the different sources of feedback transformation that charac- 
terize the design of that particular tool or machine; and (7) that the effective- 
Ness of tools and machines for learning and efficient operations is determined 


by how well their design integrates the different kinds of feedback. 


EXPERIMENTAL CYBERNETIC RESEARCH ON INSTRUMENTAL LEARNING 


To test some of the assumptions listed above, we have devised television 
techniques of differentiating reactive, instrumental, and operational visual 
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feedback in order to measure the effects of each on learning. One study used 
a dual closed-circuit television setup to record both the front and the back 
of a “magic slate” panel. A front camera televised the movements of the hand 
and a marking or tracing tool, while a back camera televised the operational 
effect of the performance i. e., the marking, writing, or drawing trace. The 
images from the two cameras could be presented separately or combined on a 
single monitor. 

Another technique for separating different feedback sources is to use con- 
trasting illumination effects in a television display. For example, if the hand 
or parts of a tool are blackened, these parts are invisible if televised against a 
black background. In one study, a set of black marking pencils was prepared 
with limited white areas so that each pencil provide 


d visible feedback from a 
different locus— from the writing tip, from the 


cone, from the shank, or from 
rs from the tip. 

The most general finding of our studies of differential feedback is that in- 
strumental performance and 1 earning are most efficient when feedback is pro- 
vided from the locus of instrumental operation. In a writing or tracing task, 
the individual performs best if he can see the writing point or the written 
trace or- preferably both. In writing, as in many other simple instrumental 
tasks, however, the movement of the hai 
ment of the tool, so that reactive feedback, instrumental feedback, and opera- 
tional feedback have a high degree of congruence. When reactive feedback 
differs in its spatial organization from instrumental or operational feedback, 
or both, the individual is more highly dependent on the latter sources. For 
example, a lathe operator achieves precision not by watching his hand but by 
watching the action of the cutting tool against the material being turned. 


a narrow band located some 3 centimete 


nd conforms generally to the move- 


Dynamic AND Static FEEDBACK 


A problem significant to general learning theory concerns the relative 
effectiveness of dynamic and Static feedback in instrumental behavior. By 
dynamic feedback we mean the stimuli resulting from actual bodily move- 
ments or the actions of a tool or machine. By static feedback we mean the non- 
moving, persisting results or after-effects of movements or operations, such 
as the trace left by a pencil or typewriter in writing. Either type of feedback 
may function as knowledge of results, but we do not make the gratuitous 
assumption often made in learning research that feedback 


А t also functions as 
reinforcement. Feedback is an effect w 


hich is related systematically to the 
activity in progress, whereas reinforcement— insofar as it can be defined at 
all—is an effect extrinsic to the activity, which must be rel 


ated to a drive or 
motivating state in order to be effective. According 


to cybernetic principles, 
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tool-using tasks will be learned far more efficiently with dynamic feedback of 
performance than with only the static after-effects of response, even though 
the latter provides knowledge of results. 

We used the delayed-feedback technique to make an experimental com- 
parison of dynamic and static feedback, for static after-effects often by nature 
ora segment of response has been completed. Closed- 


are delayed until a tas 
circuit television provided both kinds of feedback, either a static image of the 
operational effects of performance displayed on the television monitor at the 
conclusion of a task, or a dynamic image of the entire performance recorded 
on video tape and displayed after the task. It should be noted that neither of 
these conditions is optimal for effective performance and learning, for in each 
case the subject performs "blind" and must wait until after the task for knowl- 
edge feedback. 

The task was to dot 12 small target spots with a felt marking pen in a pre- 
Scribed manner. Subjects who received dynamic feedback saw a delayed 
image of their hand dotting with the marking pen, while those who received 
Static feedback saw only the pattern of dots left at the end of their perform- 
ànce. In addition, some of the subjects were shown normally oriented tele- 
vision images, while others were shown inverted images. 

Learning functions for the four experimental groups are shown in Fig. 13. 
Variance due both to learning and to feedback conditions was significant. 
Performance was more accurate with dynamic than with static feedback, and 
More accurate with upright than with inverted feedback. 

These studies of tool-using performance are limited in number but repre- 
Senta promising new line of attack on instrumental learning. The preliminary 
results indicate that the different kinds and sources of feedback produced in 
instrumental tasks have differential effects on the level of performance and 
the course of learning. These results 
Cialized transformations of feedback-control patte c 
mental and machine behavior, and that the course of learning of such be- 
havior varies with such factors as Sp? ial complexity, tempo ral and kinetic 
Variations, and other properties of the stimulus patterns functioning in closed- 


Оор regulation of response. 

The instrumental learning with w 
equivalent to the type of animal learnir 
Mental,” for a rat m monkey making a direct response to some surface feature 
Ir cue of a complex man-made situation ! 
Men use tools, Further, human tool using 


explained by learning theories that reduce the 5050 ы | 
Ing Of animals to open-loop associative, conditioning, or reinforcement learn- 


ing models. Such theories do not account for the differential sources of sen- 


support our general theory that spe- 
rns are involved in instru- 


hich we are concerned here is in no way 
1g sometimes referred to as "instru- 


s not using tools in the sense that 
and machine performance are not 
alled instrumental learn- 
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tion that differs in many important respects from much psychological think- 
ing, including conventional S-R theories of learning. Although cybernetic 
theory is based on the concept of feedback control, our interpretation of feed- 
back is not equivalent to certain ideas that can be found in the learning litera- 
ture. The feedback principle that grew out of wartime tracking research has 
found considerable acceptance among psychologists because they have 
assumed that feedback is no more nor les 


than the familiar “knowledge of 
results” factor of learning economy. However, it is further assumed by many 
learning theorists that knowledge of results functions as reward or reinforce- 
ment as well as information. For example, feedback has been described as a 
form of reinforcement contingency which the individu 
perceptual effect (Adams, 1961). These interpretations do not emphasize the 
positive aspects of the feedback signal, but consider it 
which presumably is reinforcing in inverse proportion to its magnitude. 
Although there have been some efforts to distinguish 


al may anticipate as a 
as an error signal 


among different func- 
tions or roles of feedback or among different kinds of feedback (Bilodeau & 
Bilodeau, 1961), there has been very little effort to divorce the feedback con- 


cept from the ubiquitous reinforcement of contemporary learning theory. 


The present cybernetic view is that although different forms and sources 
of feedback ce 


an be differentiated, including the more or less immediate dy- 
namic sensory effects of movement as well 


tion as knowledge of results, fee 
poorly defined concept of reinforcement. We consider an analysis of the 
variable closed-loop factors of response 
standing of learning and belie 


as static after-effects which func- 
dback should in no c: 


se be equated with the 


s the starting point in an under- 
ve that such a cybernetic approach is incom- 
patible with conventional open-loop learning models. This conclusion is 
based on the many distinctions that can be 


drawn between cybernetic anal- 
yses and conventional associ 


ation theories of learning. Conventional theories 
have no concepts with which to de 


analyzed in behavioral cybe 
form of reinforcement is to i 


al with the processes and relationships 
™etics, and to attempt to preempt feedback as а 
gnore the conceptual and experimentally defined 
differences between cybernetic and conventional association theories. The 
principal differences are indicated below. 


SPECIFICATION OF LEARNING VARIABLES 


Closed-loop factors which control learning 


ап be defined both quantita- 
tively and qualitatively, w 


hereas reinforcement and as 
not be defined in objective terms th. 


different modes of sensory feedback 
—as well as measurable 


sociative factors can- 
at have general validity. We can specify 
— visual, auditory, tactual, and kinesthetic 
Metas y spatial, temporal, and kinetic patterns. 
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Different conditions of dynamic and static feedback can be defined as well as 
different sources of reactive, instrumental, and operational feedback in tool 
using and machine operation. In contrast, definitions of reinforcement are 
tautological, for they are based on the very processes they are supposed to 
explain. No one knows whether a given extrinsic condition or event will be 
reinforcing in human learning until the fact has been demonstrated to pro- 


vide hindsight. 


SPATIAL ORGANIZATION OF RESPONSE 


Directionality and spatial organization are characteristic of all animal and 
human behavior but cannot be dealt with at all in the association and rein- 
forcement models, which assume temporal factors as the basis of response 
organization. Directional guidance is especially notew 
rimotor skills, which never have been handled satisfactorily by learning 
theory, Directional orientation of behavior has had to be assumed by learning 
theorists even though they cannot explain it. For example, Pavlov (1927) 
assumed that orientation behavior а significant precursor to conditioning 
(Sokolov, 1963). Cybernetic theory provides a language and a method of 
analy s (actors in motor response, pattern perception, 
pts of coordinate geometric feedback 
dback in closed-loop guidance of 
hanisms determine learning by 


orthy in human senso- 


s to describe the spatial f 
a STIS а г ‘ e 
and neural control, in terms of the conce 
egulation and angular displacement of fee 


res d i ‚е ac 
sponse. Spatially controlled guidance mecha 
Serving as the bases of feedback integration of compound movements as be- 


havior patterns develop and change in the human system. 


Tr 
EMPORAL ORGANIZATION OF RESPONSE 
Conventional learning theories have had to assume a flexibility in tem- 


Dor, and response events in learn- 


al organization of the significant stimulus 


ng. Different temporal arrangements are use 


tioning, 


d in classic and operant condi- 
ven with wide variations from the optimal 
pts to deal with the disturbances that 
and their sensory feed- 


and learning still occurs е 
Patterns, Such theories have no conce 
occur аз а result of time lags between movements : 
ack. Cybernetic theory assumes that all properties of the feedback-control 
Process termination of learning, and accepts research 


9n delayed feedback as showing that response patterns are time specific. 
emporal variations cause marked disturbance of the feedback control of 
Tesponse prevent effective learning, and introduce marked inconsistencies 


in pe 


are important in the de 


T - ack rivation. 
rformance characteristic of feedback depriv 
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INTERMITTENCY EFFECTS 


One sector of learning research has dealt extensively with the effects of 
intermittent reinforcement on the strength of learned reactions, with results 
indicating that partial reinforcement maintains a higher level of response 
strength than consistent reinforcement. This finding in itself indicates the 
incompatibility between the reinforcement concept and sensory feedback, 
for there is no evidence whatsoever that intermittency in feedback contrib- 
utes to stability of response. To the contrary, observations on the effects of 
intermittent feedback in tracking performance show that such intermittency 
reduces the efficiency of performance and learning (Searle, 1951). The cy- 
bernetic concept of time-sampled feedback has nothing in common with the 
learning theorist’s concept of partial reinforcement. 


WITHDRAWAL EFFECTS 


When the critical closed-loop sensory signals of a self-governing system 


are withdrawn, the response system ceases to operate and to learn. Severe 
and prolonged sensory deprivation in human and animal infants can impair 
development. In contrast, when reinforcements are withheld in animal con- 
ditioning experiments, we get experimental extinction —a gradual falling off 
in strength of learned response not comparable with the effects of feedback 
withdrawal. 

Тһе experimental extinction function h. 


as been given considerable im- 
portance in learning 


theory, although the phenomenon can be demonstrated 
in only a very few human situations. 


as verbal behavior and simple 
times with no identifi 


Many learned responses in man, such 
skilled movements, are repeated countless 
able reinforcement, yet no 
experimental extinction does occur in human le: 
to be related to limitations in close 


apparent extinction. When 
arning experiments, it seems 
d-loop self-regulation of response or to 
failure in pattern recognition and detection in the closed-loop system. That 
is, experimental extinction occurs most consistently 
restricted situations in which the individual exercises only the most limited 
control over the particular response under observation. Conditioned physio- 
logical reflexes may show the extinction function whereas somatic responses 
ordinarily do not. The uniformity of the extinction function appears to be 
related inversely to the degree of closed-loop regulation of the response 
system. Significantly, experimental extinction becomes less regular in sub- 


jects high in the phyletic scale, which possess more refined and diverse feed- 
back-control mechanisms than do lower animals. 


in human subjects in 
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RECEPTOR Сохтво:. 


Since the first observations were made on action of the pupils, on eye 
movements in vision, and on responses of the tympanic muscles of the ear, it 
has been apparent that the input sensory processes of seeing and hearing 
d. Receptor cybernetic analyses have extended 
our knowledge of movement-regulated afferent input to include a variety of 
feedback mechanisms, e.g., movement control of receptor cell sensitivity 
and adaptation, somatic control of receptor orientation and pattern recogni- 
al perturbation of the afferent process, general neuro- 


tion, psychophysiologic: 

hormonal control of sensory mechanisms, and neural feedback patterning of 
the receptor signal itself. These cybernetic mechanisms regulate sensory in- 
but and thus kelp to define the S of learning theory's S-R model. Yet con- 
ventional theory has nothing to say about intrinsic cybernetic regulation of 


afferent events. 


аге in part response controlle 


PATTERN RECOGNITION 


a necessary precursor of learn- 
ng, the animal or individual must be able to detect 
o control movements relative to such form 
recognition. Practice and experience serve to refine the primary modes of 
feedback detection and to extend normal angular displacement ranges and 
Other feedback transformations that can be incorporated 105 control pat- 
terns. Man’s ability to recognize and to remember countless different forms 
and patterns is derived from the unlimited number of spatial feedback re- 
lationships which can occur between motor and receptor surfaces. 7 

The signal and spatial characteristics of stimulation is 8 D 
ception and perceptual learning depend are direct m ucts ni ee i Я 
regulated motor response. This dynamic regulation o ы ш cm ү 
s not just binary information handling, as specified by E adi QE — 
but involves multidimensional response patterns, includ i — ue 
tions, postural control, receptor orientation, and p | i e раан" 
in discrimination. Space-organized coordinate feedbac systems e egrate 
the different components of receptor action to achieve 5 pereeg 
Чоп and to determine perceptual sani ан wee pr inn png 
“onstitutes a new science of the sensory process whic 8: лаа слаб Аа, эн 
ack language and analyzes with closed-loop techniques ment to рге 
Properties of the environment are processed by move 


téton 
ognized stimulus patterns. 


The view that behavior Чеуе!орт!ё! 
ocessing 


In cybernetic theory, pattern recognition 15 

ing ch; $ À 
бы change. Prior to learnit 
Irection and form in space and t 


at as well as learned adaptation de- 


bend stands in opposition to the empirical 
$ on closed-loop signal pr 
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doctrine that space perception is altogether a function of experience. The 
cybernetic interpretation is supported by experiments on sensory-feedback 
deprivation and space displacement of vision as well as evidence concerning 
response control of the afferent process and the pattern of afferent excitation 
of the brain. 


GENERATION OF RESPONSE 


Conventional treatments of learning do not explain the origins of the non- 
repetitive responses which the learner brings to a new situation. Whether 
they be called trial and error, random activity, or emitted responses, such 
“spontaneous” reactions are recognized as a necessary prelude to le 


arming, 
but learning theory offers no clue as to how they 


are generated and organized. 
In fact, the traditional view that all organized response 


learned through past experience seems to negate the 
flexibly to new situations. 
The feedback concept of le 


s must have been 
possibility of reacting 


arning proceeds from the basic postulate that 
а behaving system is to some degree self-regulating and self-generating. Its 
natural state is activity, not equilibrium. Thus, we say that the behaving sys- 
tem is not homeostatic but homeokinetic. The directed activity which is an 
essential feature of a closed-loop cybernetic system is generated by the sys- 
tem itself, and in this sense behavior is self-motivating. Energy is mobilized 
and expended independently of the physiological drive states which tradi- 
tionally are assumed to underlie all behavior and learning. 

The implication of these ideas is thatle 
physiological drives, anxiety states, or unconscious frustrations as assumed 
by the various formulations of reinforcement the 
drive-learning interaction are de 


arning is not dependent on general 


Огу. Assumptions about the 
rived for the most part from animal studies 
(especially rat psychology), which have utilized hunger, thirst pain, and 
other fairly predictable motivating conditions to activate the і 
fined and restricted subjects. To e 
to physiological drives, the 


ir arbitrarily con- 
xplain behavior that seemingly is unrelated 


| learning theorist—rather than abandon his drive- 
drive reduction model —has postulated that the individu 


ploratory, perceptual, or achievement motives, 
motives. The feedback concept offers le: 
exigencies of the drive-reduction 
that the behaving syste 


al is driven by ex- 
second-order or derived 
arning science an alternative to the 
and reinforcement models by postulating 


т is designed to generate its own responses and to 
regulate them continuously! 


according to spatial relationships between the 
body and the stimulating environment. 
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MULTIDIMENSIONALITY OF RESPONSE 


One of the main findings of our cybernetic research is that response is 
organized in terms of independently variable coordinate feedback mecha- 
nisms related to posture, transport, and manipulative movements. Multi- 
dimensional response control also has been shown to be a central aspect of 
behavioral development in infants. Traditional learning psychology, based 
as it is on generic concepts of response, has no basis for conceptualizing the 
multidimensional nature of response and the differential roles played by 
movement components in development, learning, and instrumental and 


symbolic activities. 


S PECIALIZATION IN LEARNING 


A number of svstematic studies have yielded convincing evidence that 
learned responses are specialized in terms of the infinitely variable spatial 
properties of their feedback-control patterns. Related studies of delayed 
sensory feedback prove that such specialization cannot be based on flexible 
temporal. patterning of stimulus and response as is indicated by traditional 


association theories. 

The cybernetic view that learned specialization of response is the under- 
lying factor which precedes and defines memory and transfer is in accordance 
with findings on transfer and learning interaction dating from the earliest 
studies. In contrast to association theories of learning, which have offered 
no verifiable basis for response specialization, feedback research has shown 
that specialization in learning, memory, and transfer can be based on the 


Spatial properties of the controlling feedback process. 


FEEDBACK TRANSFORMATIONS 


Cybernetic theory assumes that feedback regulation is based primarily 
on built-in relationships (spatial, temporal, and kinetic) between the motor 
stems and that variations in closed-loop response patterning 


and sensory s 
Will be produced by variations and transformations of the primary relation- 
ships. 

Unaided movements of the body generate feedback stimuli with spatial, 
temporal, and kinetic properties which correlate closely with those of the 
generating movements. When tools and instruments are used, instrumental 
and operational feedback stimuli are generated in addition to those produced 
by movement itself. Thus, the tool or machine transforms cybernetic control 
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by creating instrumental and operational feedback patterns that differ from 
those of unaided movement, but which still bear certain systematic spatial, 
temporal, and kinetic relationships to the form and dynamics of the con- 
trolling movements. Performance efficiency and learning thus depend on the 


design of the tool —i.e., upon its degree of correlation with the intrinsic feed- 
back properties of the response system concerned. 

The multidimensional feedback interactions which permit the count- 
less variations of response patterning in instrumental behavior also make pos- 
sible the infinitely variable symbolic transformations of control, either non- 
verbal or verbal. Systematic symbols such as dr; 
individuals or groups in place of the primar 
terns to contro] particular adaptive re 


awings or words are used by 
y more direct sensorimotor pat- 
sponses. Cybernetic theory of learning 
are related to direct sensorimotor actions 
rms of systematic transformations of the feed- 
back properties of the more basic forms of response. Howe 
the systematic evolution of lang 


assumes that symbolic responses 
and instrumental behavior in te 


ver, because of 
uage to highly complex forms, verbal be- 
havior achieves a high degree of independence from the primary forms of 
psychomotor behavior in the learning of the individual, 

The symbolic patterns involved in language and educational skills have 
specific designs related to their reactive, instrumental, and operational feed- 
back properties. Their design determines how 1 
serve as modes of self-regulation 
mental tools for communic 


anguages and symbols can 
and self-stimulation in learning, as instru- 
ation, and as operations for transforming informa- 
tion in thinking and problem solving. The shift from direct to symbolic be- 
havior may involve simple substitution of one response pattern for another 
or it may consist of complicated operations of reducing, translating, elaborat- 
ing, and converting symbols which represent situational patterns of behavior. 
This transformational concept of symbolic behavior assumes that symbolic 
learning and direct reactive learning follow the same general principles. 
Thus, the more complex or precise the transformational feedback involved 
in a particular symbolic or language process, the greater the difficulty in 
learning control of the process and its applic к 
bolic process, the easier it is to learn, It should be possible to specify the 
complexity of symbolic processes and languages, including mathematics 
and artificial languages, in terms of the nun 
cision of the transformations of reactive, 
back involved in them. 


ations. The simpler the sym- 


nber, kinds, complexity, and pre- 


instrumental, and operational feed- 
No matter how complex such t 


however, patterns of symbolic control still bear 
fundamental patterns of receptor 
their meaning. 


transformations may be, 


Systematic relationships to 


and motor control from which they derive 


This account of instrumental and symbolic behavior points up the prin- 
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cipal distinction between cybernetic theory and association ог reinforce- 
ment theory of the determining factors in learning. In the cybernetic de- 
scription of response and learning, the nearly unlimited capacities of the 
human response mechanisms to generate systematic transformations of feed- 
back control provide the objective basis for human specialization. Human 
response patterns and learning capacities are assumed to have become more 
refined and more complex during the course of man’s biosocial evolution. 
In contrast, conventional association and reinforcement theories propose 
that each individual in turn must acquire through fortuitous contiguities or 
reinforcement contingencies all of the complicated instrumental and sym- 
bolic skills characteristic of his culture. In our opinion, human skills are too 
consistent, too systematic, and too complicated in their patterns of control 
to be attributed to the hazards of temporal contiguities, the chances of rein- 
forcement contingencies, or the vicissitudes of undifferentiated drive states 


in the life of each individual. 


Types or LEARNING 


Learning investigators have found it necessary to distinguish among а 
great variety of learning types, such as classical conditioning, operant con- 
ditioning, verbal rote learning, psychomotor learning, problem solving, con- 
cept formation, and others. A significant fact about these categories of learn- 
ing is that they cannot be derived from the association or reinforcement 
learning models which are accepted by the same investigators who propose 
the classifications. Rather, the so-called types of learning refer to differences 
in the intrinsic stimulus-response factors involved —to the way stimuli are 
controlled by continuous self-regulated reactions. The need for creating 
such classifi satory schemes reflects a fundamental failure in current learning 
theories which cannot be rectified by labeling the various procedures used 
in learning experiments. = А 

From a cybernetic point of view, the different forms or variations in learn- 
ing reflect differences in patterns of feedback control which the animal or 
human subject can utilize in a particular learning situation. Variations can 
occur in the modes of response required for closed-loop regulation, in the 
Sensory channels involved, or in the spatial, temporal, and kinetic properties 
of the feedback processes governing response. Learning functions also can 
vary because of spatial, instrumental, or symbolic transformations which alter 
the complexity and form of feedback control. In this view, different types of 
learning result from variations in the modes, conditions, and transformations 
of feedback stimuli from postural, transport, manipulative, and receptor move- 
Ments involved in different learning situations. 
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The distinction we are making here between conventional and cybernetic 
interpretations of learning types is of greatest significance in relation to probe 
lems of human education and training. The fact is that conventional associa- 
tion theories incorporate no generally valid concepts of educational design. 
The so-called categories of learning which have originated in laboratory de- 
signs for learning research have generated theoretical arguments for decades 
but have provided no systematic understanding of the sensorimotor factors 
which define behavioral control in human educational or training situations. 
In contrast, cybernetic theory postulates that all of the 
gories represent different conditions and transform. 
and that human training and education can be de 
general cybernetic principle 
Cybernetic theory 
achieved in spee 


various learning cate- 
ations of feedback control, 
signed according to the same 
5 that govern all instances of learning change. 
proposes that the high degree of precision and efficiency 
ch, in writing, in reading, in mathematics, in technology, 
and in artistic production be attributed not to the ch 
tiguous events or vaguely defined rewards 
jectively defined and infinitely variable 
of which the individual controls his own r 


ance occurrence of con- 
and punishments, but to the ob- 
sensory-feedback patterns in terms 
esponses and environmental events. 
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Cybernetic Theory 


and Analysis of Learning 
Comments on Professor Smith’s Paper 


FRED ATTNEAVE 
University of Oregon 


Smith has summarized a really imposing body 


In the preceding chapter, 
aptation to distorted feedback. 


of research and thinking on feedback and ad 
His paper has covered a broad range, and he has made a great many points, 
but three points impress me as particularly salient, interesting, and im- 
portant, and I begin by considering these. 

The first is the finding that, for each of several varieties of spatially dis- 
torted feedback, there is a “normal range” of displacement over which 
adaptation occurs rather readily, and a “breakdown range” over which 
adaptation occurs poorly or not at all. The most dramatic illustration of this 
distinction is in Smith's Fig. 8 (p. 449), which shows errors in maze tracing 
as a function of angular displacement of feedback. The 
error curve is practically flat up to 40°, and then rises sharply; i.e., perform- 
ance breaks down abruptly with greater displacements. I doubt that many 
psychologists would have predicted this finding on the basis of either earlier 
results or common sense, though it may be pointed out (as Smith suggested 
in his use of the term normal range) that the normal angular motility of the 
am, relative to the visual axes, perhaps has a range of about +40°. The 
phenomenon leads us to believe that we are dealing with an analog control 
system into which a corrective constant can be introduced, but that whatever 
variable is thus corrected can be biased over only a limited range. 

Second, I am impressed with Smith's hypothesis that there are three dif- 
ferent control systems, differing in adaptability and possibly other respects, 
having to do with (a) vertical, postural, gravity-oriented activity; (b) hori- 
zontal, "transport" activity; and (c) manipulatory activity. The most striking 
empirical findings here are that inversion of feedback impairs performance on 
tasks like maze following much more than does left-right reversal, and that 
this differential impairment applies to the speed of left-right movements as 
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well as to the speed of up-down movements. I still do not quite understand 
the reason for the latter result, granting the difference between horizontal 
and vertical control systems. Also, I have a couple of other questions about 
these experiments. Apparently both the motions and the feedback display 
occurred in a vertical plane. Suppose they were horizontally oriented instead, 
as оп а table top. What would the prediction be in this ca 


? Are movements 
away from and toward the subject, which correspond to up-down changes in 
the visual field, within the province of the vertical system or the horizontal 
system? If (as seems rather likely) the “same” results were obtained in a 
horizontal plane as in a vertical plane, one might conclude that the control 
systems are input-oriented rather than output-oriented, though other inter- 
pretations are no doubt possible. It is, moreover, somewhat unclear to me 
exactly what kinds of task are supposed to be controlled by the manipulatory 
system, and in what sense or to what degree such tasks could be 
of the first two systems. Finally, I wonder whether different control systems 
might be inferred from factor-analytic studies of motor skills, of the sort that 
Fleishman has performed.“ 


Smith's third point that seems salient to me 


independent 


is that in continuous tasks 
people do not adapt in any real sense to temporally displaced feedback; that 
delayed feedback may at best be ignored, but not utilized. He feels that these 
results provide a strong basis for rejecting both contiguity and S-R reinforce- 
ment learning theories. I am no more an S-R psychologist than he is; never- 
theless I find some of his arguments on this basis extre 

In the first place, it seems to me that a good part o 
ment resulting from delayed feedback may be 


terms that are very nearly atheoretical. 


mely elusive. 

f the performance decre- 
explained in common-sense 
When feedback is "immediate," 
small errors can be corrected quickly, whereas with delayed feedback small 
errors can become large before the subject knows they 
a performance effect, which will operate at | 
the nature of the learning. I 


are occurring. This is 
any level of learning, whatever 
agree completely with Smith that w 
often called a response—e.g., an act like 


complex sequence 


hat is most 
sitting down—is in fact a highly 
of motions, continuously guided by feedback, and that 
the slipperiness of the response concept (closely paralleled by the slip- 
periness of the stimulus concept) is no credit to the S-R position. The S-R 
theorist may respond to this criticism in either of tw 
an act is made up of many micro response 
at least for analytical purposes, be 


O Way 


‚ He may say that 
5, segments of behavior that could, 


considered shorter than the feedback time 
and accordingly responsive to feedback. The lack of 


boundaries for such micro responses should be 
hand, he may say that sitting down and simil 
units of behavior, that they are reinforcible in 


any obvious natural 
clearly noted. On the other 
ar acts constitute functional 
a unitary manner, etc., and 
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that he will therefore deal with them as responses, feedback and all. This 
position is an uncomfortable one for several reasons: the “response” is rather 
a plan or program the detailed execution of which is conditional upon feed- 
back; moreover, explaining how it attains a status of functional unity is itself 
a legitimate task of learning theory. 

Over and beyond these considerations, however, Smith is saying, I be- 
lieve, that any learning theory based on temporal contiguity would predict 
more learning than actually occurs under conditions of delayed feedback. 
It is this argument that I have trouble following, and that I hope he will 
spell out. 

In arguing more specifically that feedback is not to be identified with 
reinforcement (or knowledge of results), he pointed out that Wolfe's rats 
g in a T maze when reinforcement was delayed 


showed considerable learnin 
, whereas much shorter feedback 


for 30 seconds, or even for several minute 
delays in human maze tracing and the like 
sguided the reinforcement theorist may be, in this 
case he can argue back, quite legitimately, I believe, that the possibilities 
stly different from one of these situations to the other. 
10 seconds, it does not matter if his be- 
n more than his behaviorat the choice 
үг maze with feedback delayed for 


do not produce learning. How- 


ever fundamentally mi 


for interference are vi 
If the rat's reward is delayed for 
havior in the delay box is reinforced eve 
point. But ifa human subject is tracing a sta 
10 seconds, a great deal of interference or mal 
the “reinforcement” at each instant operates more strongly on behavior more 
recent than 10 seconds past. I am not contending, and I do not believe, that 
feedback is “merely” reinforcement. Feedback does not merely tell the sub- 
ject that he is right or wrong; it also tells him how he is wrong. I do believe, 
however, that the difficulty of learning (as opposed to performance) under 
conditions of feedback delay may be attributed to some kind of associative 
of psychological theory, certain information- 
absolutely necessary prerequisites to 
the occurrence of learning under delay conditions: (a) temporary storage of 
(b) appropriate (rather than inappropriate) 
es to corresponding segments of feed- 
ume or predict that 


adaptive learning will occur if 


interference.! Irrespective 


Processing operations appear to be 


traces of the subject’s behaviors 
Matching or referencing of these trac 


back when the latter arrive. Does any theory actually 
people can carry out these operations under conditions of continuous 


performance? 


1 After writing these comme 
volume and found that she has pr 
for the view that interference is the 
effects of feedback delay on learning and on p! 


nts, I read the paper of Dr. Ina Мер. Bilodeau in this 
esented detailed, thoroughly convincing evidence 
major factor here. She also discusses the separate 
erformance. 
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Although I do not agree with everything Smith has said, I agree with most 
of it—insofar as I understand it-and my subsequent commentary takes the 
exceedingly annoying course of inquiring why he has not dealt with things 
that I would have discussed if I had been writing his paper. Both parts of 
his title, “Cybernetic Theory and Analysis of Learning,” established in me 
some expectations that were never quite fulfilled. 

In the first place, I think of cybernetic theory as dealing in some detail 
with the formal properties of information and control systems. It is con- 
cerned with what the variables of the s 


stem are, what functions relate these 
variables to one another, and with the consequences of these functional rela- 


tionships. Where feedback is involved, the exact nature of the feedback is 
important. (To cite a well-known example 
feedback system may do one of three qu 
ing on its time constants and other pars 
state either monotonically or via d. 
indefinitely.) 

It appears, at least superficially, that Smith is unconcerned with this level 
of analysis. For the most part he deals with time and error scores, which dis- 
card the detailed information about the subject’s performance that would 
presumably be necessary for inferences about the formal properties of the 
control system. Consider for a moment a moth that is set, at a given time, to 
maintain a particular angular orientation to the sun as it flies, and suppose 
that the angle of orientation has a value between 0? and 90*. Now substitute 
a candle for the sun, and the moth will fly a roughly spiral course into the 
flame, as moths do. If a human subject attempts to move а stylus from one 
point in an open field to another, with angular displacement of. visual feed- 
back and with no compensation for the displacement, the 
is that he will follow a Spiral course, exactly like the moth. doubt very much 
that a real subject behaves in any such simple way, 
Would it be legitimate, for example, 
dicted spiral as evidence for imme 

It may well be th 


‚ а simple single-loop negative 
alitatively different things, depend- 
ameters: it may proceed to a steady 
amped oscillation, or it may oscillate 


simplest prediction 


but why doesn’t he? 
to interpret deviations from the pre- 
diate adaptation? 

at the performances of individual subje 
kind under consideration are so complex as to defy analysis on this level at 
the present time, and that Smith considers such concerns premature. My 
examples are undoubtedly too simple; 


; as multiple feedback loops are added, 
the conceptual complexity of a system increases very rapidly indeed. (A 
known case of multiple-loop negative feedback at quite 


limulus eye, in which each element inhibits 
bors. It is a pretty safe bet that motor control 
complexity than this.) I strongly suspect tha 
yond the practical range of ordinary 


cts in tasks of the 


a low level is the 
апа is inhibited by, its neigh- 
systems involve a much greater 
t such complex systems are be- 
analytical procedures, and that computer 
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simulation —in which the program embodies the theory —offers the only real 
hope for dealing with them. Smith’s reaction to these comments will be of 
great interest to me. What I should like to ask him more generally, I suppose 
is how he envisions the long-range future development of behavioral inlet 
netics. In what terms, and with what degree of precision, will we be able to 
explain and understand the systems with which he is dealing in another 
50 vears? 

"Analysis of Learning" is the other half of Smith's title. I am quite in 
agreement with his negative appraisal of S-R theory, though for reasons that 
may not be exactly the same as his. What puzzles and frustrates me, however, 
is that he has not really stated what kind of alternative theory he espouses. 
I have read a good many, though not all, of his other works, and I am still 


puzzled. 
We find such tantalizing hints at a theory as: ...the major conclusion that 


should be drawn from the research on delayed feedback is that disturbances 
induced in behavior and learning are the result of perturbation of the imme- 
diate movement-produced sensory-feedback stimuli. These stimuli are 
d-loop response control and learning..." (p. 446). 


absolutely essential for close 
go, but 


This generalization would have 
the research of Held and his associate 
impressive support for it. Still it does not constitute a theory, as I unde 
that term, because it leaves the formal nature of the learning process un- 
explained. Elsewhere (p. 429) Smith said, “Thus, the reflex is conceptualized 
not as an S-R unit but as a pattern of feedback-mediated interactions between 
systems which provide a measure of behavioral con- 
d to suggest that the reflex is acceptable as a 
unit of learning, provided it is redefined to include feedback components. 

То quote further: "The cybernetic theory proposed here suggests that the 
brain be conceptualized not as a synaptic system but as a neuronic system. 
Internuncial cells function as neuronal units in detecting differences in 
movement-produced feedback stimuli" (p. 429). Again: "Cybernetic theory 
implies directional guidance of response based on detection of differences 
н Here I have several questions to raise. First, 
е merely to differences in the present 
псев between the present input and 


seemed very rash indeed a few years 
s, as well as that of Smith, offe 


the motor and sensory 
trol.” ы" 
ol.” I wonder if this is intende 


in stimulus patterns" (p. 447). 
are the postulated detectors sensitiv 


Input, or may they also detect differe 
some template, or schema, or neuronal model? It seems to me that goal- 


directed behavior may require something like the latter function. Second, 
when only the present input is involved, just what are the elements between 
which the differences are detected? In the case of perceptual analyzers that 
We actually know something about, e.g. the slant detectors of Hubel and 
Wiesel, we can say at the very least that they are not merely responsive to 
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differences between pairs of cones. Third, and most relevant to our present 
concern, how does the proposed system learn? If learning doe 


the synapse, where and how does it occur? 


s not occur at 


I find it interesting and peculiar that Smith has referred often to learning 
theorists with whom he disagrees, like Watson, Thorndike, Skinner, and 
Hull, but has given no recognition whatever to theorists whose ideas might 
be more compatible with his own, namely, Tolman, Hebb, Miller, 
and Pribram, and Chomsky. I wonder if he has not taken the essentially 
Tolmanian position that the organism learns paths in a cognitive space, i.e., 
behavioral rules for transforming one input into another. It should be re- 


апу takes feedback into account, and 
aspect of the “TOTE unit" of Miller, 


ntation is frankly Tolmanian. Certainly 
Chomsky's transformational grammar, and his concern with the ability of 


people to utter original sentences, is highly congruent with Smith's thinking. 

Now, I may well be overinterpreting. It is perfectly true that I have only a 
glimmering, at best, of what Smith's learning theory is, and I hope he will e: 
plain it. It would clarify my thinking a great deal if he would take some very 
simple, but representative case of learning, and draw a block diagram, or 
flow chart, or similar representation showing the variables that result in learn- 


ing, the locus or loci of the Structural changes they effect, and the principles 
by which they effect these changes, 


Galanter 


marked that Hebb's phase sequence cl 
that feedback is an absolutely essential 
Galanter, and Pribräm, whose orie 
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conference have done significant work in both skills learning and verbal 
learning and it was inevitable that certain parallels be drawn. A parallel 
method of exposition will be used in the present chapter but largely for the 
purpose of organization. 

The problems of delimiting an area of learning that might be called motor- 
skills learning are thoroughly discussed by Irion (Chapter 1). When motor- 
skills learning is spoken of here we mean the learning 
great variety of tasks, from those requiring very simple positioning move- 
ments to those requiring complex and coordinated tracking skill. Many of 
these tasks are described in the previous chapters 
served by repeating these descriptions here. In the same manner we may 
identify the area of verbal learning by specifying 
served when certain tasks are presented the 
paired-associate task, the serial-learning 
and so on. Selective-learning tasks (Chapter 2) have certain properties that 
do not fit easily into either the motor-skills category or the verbal-learning 
category but may, at the same time, h 
both. In the discussion which follows, the emphasis is on the more distinctly 
motor-skills tasks such as represented by tracking, and the 
area is normally typified by the paired-associate task. 

The superb history of motor-skills research provided by Irion has no 
counterpart in verbal learning to which we may refer. As a poor substitute 
for such a history of verbal learning, some comments are made initially about 
the work in verbal learning in the past which may se 
evaluating the changes which have taken place in re 

As we all know, historic 


observed on any of a 


and no purpose is to be 
the learning behavior ob- 


subject. Thus, we think of the 
task, verbal-discrimination tasks, 


ave some common dimensions with 


verbal-learning 


туе as a crude basis for 
cent years. 

ally in the United States ve 
was closely associated with that loosely 
tionalism. Experimental reports from Columbia University or the University 
of Chicago, or from students trained at these two schools, constituted the 
bulk of the persistent work on verbal learning, To simplify and to exaggerate 
somewhat, this work may be said to be characterized by two features. First, 
gross independent variables were manipulated to determine functional re- 
lationships between these variables and learning and retention. From such 
studies, empirical generalizations were developed 
ment to experiment showed enough consistency to 
tions. Second, there was but little original detaile 
the work on verbal learning. 
variables chosen for manipul 


rbal-learning research 
knit set of attitudes known as func- 


if the data from experi- 
warrant the generaliza- 
d theoretical content in 
Except in a most general way, the independent 
ation were not chosen because of their theoret- 
ical relevance. A variable such as similarity was manipulated because it was 
known to influence interference, but the detailed w 
operated was seldom considered. 


For a few years prior to World War II 


ay in which interference 


and for a few years after, two quite 
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different research cultures, both dealing with learning, existed side by side 
in some laboratories. In the animal laboratory, variables were being specified 
by extremely detailed theoretical considerations as the Tolman, the Hull, 
and the Guthrie positions were arrayed against each other. In the verbal- 
with certain exceptions, the theoretical component 
d theoretical guys and bad theoretical guys; 
as provided by the discovery 


learning laboratories, 
was minimal. There were no goo 
the sustenance of research in verbal learning w 
of empirical regularities, not by decisions about theories. 

The various disturbances produced by World War II did not allow an 
assessment of the direction the research in verbal learning was taking until 
about 1950. At that time it became quite apparent that it wasn't taking any 
direction; it was relatively stagnant because so few people were working in 
the area. Shortly thereafter, however, the area began to share the increase 
in research which characterized most of psychology as well as other disci- 
plines. It is not this increase as such which is of moment here, but rather the 
features of the research which began to take form and which today charac- 
terize the methods of attack on the problems in verbal learning. Although the 
development of the features which characterize research in verbal learning 
today seems almost inevitable (if other areas are used as models), there had 
to be some beginnings. To the present writer, two events occurring in 1940 
established the precedent for the change in the approach to verbal learning 
Which eventually took place, and which to a large extent dissociated verbal 
learning from ihe classical functionalist attitudes. | | 

One of these events was Gibson’s (1940) theoretical analysis of certain 
Phenomena in verbal learning. The critical aspect of this theory (in terms of 
arch workers) was the manner in which it conceived 
of the gross learning of a verbal list as being constituted by a ЧЫ е ра 
nomena, with each of these subphenomena having some empirica E 
its own right. As was customary at that time at Yale University, most o the 
Subphenomena came from the conditioning laboratory. No attempt of this 
type on so Бажа ‘ scale had ever been undertaken previously in verbal learn- 
ing, and the approach was to have considerable impact. 
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turn to some observations of the current scene in verbal learning and in motor- 
skills learning. 


Unit of Analysis 


VERBAL LEARNING 


The basic unit of analysis in verbal learning is an association. The notion 
of an association was bequeathed to us from pre-experime 
also became the unit of analysis for ve 


alists’ laboratories. 


ntal thought and 
rbal-learning studies in the function- 
However, contemporary conce 
may hold little resemblance to the olde 
familiar with current rese 


ptions of an association 
r conceptions, and because those not 
arch in verbal learning often confuse the two, it 
ome characterization of current conceptions. 

(1) The paired associate is often spoken of as consisting of a stimulus (S) 
term and a response (R) term. It thereby is commonly identified with S-R 
psychology as a theoretical position. This may or may not be the appropriate 
identification, depending upon the 
lieve that an associ 


will be well to provide 


investigator. No one is so naive as to be- 
ation is formed between two verbal units apart from the 
responses the subject makes to the 
to become an R-R theorist 
the stimulus term as h 
with the response 


se units. It is, therefore, quite possible 
‚ although many prefer to think of the response to 
aving stimulus properties w 
produced by the formal re 
(2) We know that if the stimulus te 


hich become associated 
sponse term. 


rm consists of more than one element, 
the response which the subject comes to make to this term (hence, the re- 


sponse which enters into the association) may be less than the compound 
presented to the subject. This is spoken of às stimulus selection, and one of 
the active areas of research in verbal learning at the moment is that of de- 
termining the variables which govern stimulus selection (e.g, Cohen & 
Musgrave, 1964). It is simply not reflecting current thought to visualize an 
association as being etched ina one-to-one corresponde 
presented the subject and what he learns. 

(3) The association which deve 
multistep or chaining affair. Whe 


nce between what is 


lops, and which we call learning, may bea 


n the subject learns to produce B when A is 
shown, it does not imply necessarily that there is 


between the representations of A and B. The 
kins, 1963) makes it evident that intermedi 
brings to any learning situation a vast ne 
tions and these may enter into the formati 


a simple direct association 
work on mediation (e.g., Jen- 
aries may occur. The subject 
twork of already formed associa- 
on of a so-called new association. 
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These associative networks may be mapped (e.g., Deese, 1964), and they 


enter into theoretical formulations of both learning and retention. 

(4) The acquisition of an association is influenced by the context in which 
rs are commonly used and we know that learning of 
ationships among the associates. The 


it appears. Lists of pz 
given associate is influenced by the rel 
experimental study of intralist similarity is 
fluence of context, although it is not the 
textual factors. 

(5) An association acquire: 
properties, The drawing of an arrow fron 
represent the task given the subject in the usua 
ment. The R term may become а stimulus to determine the presence of the 
association from R to S (backward association). It has been argued by some 


(Asch & Ebenholtz, 1962) that the two differe 
d on the basis of strength. 


a major way of examining the in- 
only variable which defines con- 
d in paired-associate learning has bidirectional 
15 to R is a mechanical matter to 
1 paired-associate experi- 


nt directional properties of an 


association cannot be distinguishe 
, (6) An association is a functional unit and simply reflects the observa- 
tion that under certain specified conditions one event will be followed by 
another that learning will occur. The notion of an association is tied neither 


to a swi ч 3 rto any or neuri 
t switchboard conception of the n tem nor to any other neuro- 
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As will be clear to anyone who has read the preceding chapters, the use of 
an association between a particular stimulus event and a particular response 
event as the unit of analysis for motor-skills learning has at best only very 
limited applicability. The approach is obviously quite useful in selective 
learning, and in fact, Birch's discussion of Chapter 2 includes a suggestion 
for inserting verbal mediating responses between the stimulus event and the 
response, much as is being done in verbal learning. Simple positioning move- 
ments might also be fitted into the associationistic framework. But when we 
view tasks which require continuous performance, such as tracking, the idea 
of discrete associations is difficult to maintain. As Irion has pointed out in 
his chapter on the history of motor skills, there is no substitute for or parallel 
concept to that of the discrete association which seems serviceable for the 
continuous task. If the elementary association is lacking as a unit of analysis, 
certain other characteristics of associations likewise do not have meaning 
for continuous tasks. For example, it is difficult to think of backward associa- 
tions in a tracking task. 


In verbal learning we sometimes speak of response integration. Thus, а 
three-letter trigram such as PFK is said to be difficult to integrate. In a certain 
sense, when it is integrated, it shows (in behavior) the same continuity as the 
behavior in a well-learned tracking performance. We often assume that the 
trigram is acquired by forming successive associations (P to F and F to К). 
But this trigram is in facta three-item serial list, and we noted above the dif- 
ficulties experienced thus far in attempting to specify particular associations 
in a serial list. Taken individually, each letter (P, F, and K) can be produced 
(by speaking) without difficulty the motor skill required for these produc- 
tions has been mastered. But the fact is that these three independent skills 
have rarely been practiced in this sequence, and other sequences are antag- 
onistic to them. Putting them together is difficult. It is problematical just how 
much of this difficulty is to be attributed to a skill factor, but the evidence 
shows that it takes longer to spell a sequence of three letters which rarely 
occurs in our language than to spell a sequence of equal length which occurs 
frequently (Waters, 1939). We could, perhaps, imagine a tracking task con- 
sisting of three movements, each of which when considered individually was 
practiced to a high level of precision, but when we put them together the 
resulting sequence may be of the kind that has rarely been practiced. This 
analogy cannot be pushed very far, but it is possible that we will find even- 
tually that acquiring a serial verbal list does have much in common with а 


continuous tracking task. In any event, neither type of task has thus far 
appeared amenable to analy 


5 by elementary units of association. 
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" 7 a related point which has been made by Poulton (Chapter 
mns ips ars repeating. He pointed out that we rarely study the learning 

* o execute a particular verbal response. Learning to give the proper 
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pronunciation to words in a foreign lan 
vith a particular frequency and 


suppose we тай А 
рроѕе we required our subjects to respond у 
ming in addition to responding to the appro- 


s we would be more nearly study- 
s an instru- 


intensitv i ; i 
tensity in paired-associate lez 
priate sti У 

te stimulus. Under these circumstance 


ing ski А x 

g skill learning. As it is, we merely use the vocal response г 
associative learning, and the vocal charac- 
pt as correct are very broadly 


Merc response to demonstrate 
teristics of the response that we will acce 
defined. 
Mid ue зи hes ШЕТ 
Eisa ‘i seed in many motor: 
à blessing not to be so bound. Stimulu 
ànd performance measures can be related to the manipul 
(S-R units) is nota theory 
cs of the theory which will be 
that the theories that arise from data from 
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t there is something attractive 
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A few further rather simple illustrations of constituent analysis may be 
mentioned. If one wishes to study relatively pure response learning (the 
acquisition of verbal units as units), free learning may be used. If one wishes 
to study the formation of associations between stimulus and response terms 
without the encumbrances of response learning, the subject may be given 
the response terms (say, the numbers 1 through 9) prior to learning. If learn- 
ing from trial to trial is conc 


'ived of as a resultant of both acquisition and 
forgetting processes, an investigator may study the short-term retention of a 
simple paired associate with varying numbers of other associates interpolated, 
thus determining the amount of. forgetting to be expected from one trial to 
another in paired-associate list learning. If one wishes to study the for- 
getting of various components of the learning of a paired-associate list, 
different forms of recall procedures may be used to isolate the amount of the 
forgetting of each component. 

There is nothing new in constituent analy 
approach which sooner or later is seen in 


s. It typifies the method of 
almost any experimental discipline. 
It may be directed by theoretical analysis or by logical 
a refinement in the control of independent variables and 
response measure 


analysis. It involves 
also a refinement in 

‚ both of which indicate a simplification of the experi- 
mental task. If a single feature can be used to typify the stage of research in 
an area at any moment in time, we would typify verbal learning today as be- 
ing in the stage of constituent analysis. 
immune to widely different system 
tensively by those who bring 
who reach their analyse 
be classed simply 


Constituent analysis is relatively 
atic points of view; it is being used ex- 
à gestalt heritage to the laboratory, by those 
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processes of investigators, 


Moror-Skitts LEARNING 


The thinking and research of workers in motor 
in the previous chapters, also shows e 
ysis, but there are some differe 


-skills learning, as typified 
vidences of the use of constituent anal- 


nces between this work 


and that discussed 
above for verbal learning. Among worke 


rs in verbal learning, there appears 
tent analysis. Although constituent 


abstracted from a more complex task, 
arning, and although these 
studied themselves for what they are, the 


to be some unity of purpose in constitu 


phenomena may be experimentally 


such as paired-associate le constituents may be 
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Second, it is worth noting that Battig (Chapter 5) makes a strong plea for die 
use of transfer designs in motor learning as a means of constituent analysis. 
This approach seeks not to study transfer as such, but to use the pachiomanee 
on the transfer task as an indicant of the nature of the learning which took 
place in the initial task. Finally, we should note that constituent analysis 
must sooner or later lead to the problem of synthesis, and it is to this problem 
that attention is now turned. 


Synthesis 
VERBAL LEARNING 


Implicit in the discussion of constituent analysis in verbal learning was 
the assumption that having “torn” the learning of a paired-associate list apart 
in terms of the constituent processes, we could in some way sum these proc- 
esses and get the whole. It is 


apparent that precise tests of the assumption 
will not be 


made until quantitative values or weights are assigned each con- 
stituent process and the combination rules worked out. Some 
this end are being made by those using mathematical models (e.g., Restle, 
1964). But even without the virtues of precise quantification, s¢ 
may be possible. This may be illustrated in 
a more extended discussion of the 
Keppel, 1965). 

Assume we are studying the role 


associate learning. More particularly, 
ceptual similarity 


advances toward 


ome progress 
a somewhat simplified version of 
problems (Underwood, Ekstrand, & 


of conceptual similarity in paired- 
we are interested in the role of con- 
among stimulus terms уз. a corresponding similarity among 
response terms. All terms may be animal names for a high-similarity con- 
dition, and the words for the low-similarity condition would have minimal 
conceptual relationships. Of course, the words in the two kinds of lists would 
be equivalent on all other characteristics. Assume we have 10 pairs in each 
list, with the numbers from 1 to 10 being the neutral terms (e.g., when the 
words are stimuli the numbers will be responses, and vice versa). What pre- 
dictions can be made? 

From free-learning studies we know that a series of items which are con- 
ceptually related will be learned more 
are not conceptually related. This fact i 
sition of responses in 


quickly than an equal number which 
$ asserted to be relevant to the acqui- 
a paired-associate list. Thus, it must be predicted that 
high similarity will “throw in" a positive factor in over-all paired-associate 
are response terms. There is nO 
words are the stimulus terms. We 


learning when these high-similarity words 
counterpart to this positive effect when the 
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Ponses). The prediction has been confirmed in the study noted earlier. 
ration of the summation of constituent 
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constituent process we were able to appropriately predict the learning of the 
more complex task—the paired-associate task. | - те 

Assume we were not so fortunate; assume that we did not finc аим : 
slopes of the empirical and the derived curves. What аге л. 
One is that our assumption about equivalent associative interference S 


produced by similarity among stimulus terms and among response ternis : i 
error. As a test of this, we would try to devise a procedure which еншш Е 
all factors except associative learning and see if the assumption is corr id 
If it isn't, this becomes a differential factor in our attempt to synthesize. 
Another alternative is that some unknown constituent process is involved. 5 
third possibility is that our assumption of simple additivity is incorrect; the 
response-learning process within paired- 


sociate learning may not follow 
i T 1 et: atter 
exactly the same law as that found for free | arning. Thus, to get a be 


estimate of the contribution of this component we may have to study response 
learning during the act of paired-associate learning. Finally, it will always 
remain a possibility that a given task, particularly one of some degree of — 
plexity, has emergent properties. We may know all of the constituents anc 
we may “add” these in many, many different ways and still not айрылат 
the behavior on the complex task as it occurs on this task. Most of us would 
probably resist accepting this final alternative until it seemed absolutely 
necessary. For to accept it means that constituent analysis becomes a way н 
el phenomena but these must become ends 
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complex phenomenon from w 
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st form, we may ask what our knowledge about paired- 
associate learning via S-R units will tell us about the ultimate in verbal learn- 


ing, for example, linguistic behavior as exemplified in our abilities to gen- 
erate (and to understand) new sentences. We have recently been given a veTy 
stern lecture on this matter (Miller, 1965) 
attempt to understand langu 


: Miller's conclusion is that any 
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acquisition of such units is doomed to failure. Al- 
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One possible conclusion from a whole-part study, where the results show 
that the whole procedure is superior to the part procedure, is that the total 
task is more than the sum of A and B. Sucha conclusion might be permissible 
if we can assure ourselves that in learning the parts only learning took place 
which was relevant to performance on the total task. This is related to the 
caution that has long been advised in such studies, namely, that in putting 
the parts together interference may occur. Thus, the superiority of the whole 
method of practice may result not from something extra in the whole that is 
not practiced in the part procedure, but because performance on the whole 
is reduced following part practice because of interference. This possibility 
may be illustrated by a brief return to verbal learning. 

Assume the validity of the distinction between response learning and 
associative learning in a paired-associate task. To implement this distinction 
in a whole-part procedure, we might give one group of subjects initial prac- 
tice in acquiring the response terms as such. Following 
tice on the paired-associate task would be given. The 
compared with another group having 
task from the beginning. Such an e 
whole method was superior, but it 


this, the usual prac- 
performance would be 
had practice on the paired-associate 
xperiment would probably show that the 
could probably also be shown that this was 
due to interference resulting from part learning which was not present in the 
whole learning. In acquiring the response terms in part training, free learn- 
ing or some variant on it would probably be used. Under such training pro- 
cedures it is essentially impossible to eliminate the development of associa- 
tions among the response terms. Such associ 
terfere with paired-associate le: 
had indeed acquired the respor 
was incompatible with the 
short, before whole-part stu 
can be 


ations would subsequently in- 
arning. This is to say, that while the subject 
nse terms, he had also learned something that 
requirements of paired-associate learning. In 
dies showing superiority of the whole method 
adequately interpreted, we must be sure that in part learning only 
learning relevant to the total task occurred and that this occurred only to а 
level required for the total task. Only then do the results bear on the problem 
of synthesis. 

If the outcome ofa whole-part study shows no difference 
of the training procedures, the conclusion would seem to be that we can “add 
up” the parts and get the whole. If the part procedure should prove superior 
to the whole, the interpretation would be quite obscure. 

Another approach to the problem of synthesis is represented by attempts 
to predict performance on a complex task from the performance scores on the 
parts of the task. No attempt is made here to detail how these predictions are 


asa consequence 
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ee * 5 to say chat the prediotians have been only moderately 
eme ene ү atively unskilled subjects, but quite accurate for skilled sub- 

eau, 1957a, b). Insofar as such attempts are successful by simple 
lusion that synthesis 
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abstract. 
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Further nS approach used by Smith (Chapter 9) seems to accept this position. 
nle a rmore, Smith has asserted that his theory is capable of handling not 
Иш, he complexity of skilled performance but also the complexities of lan- 
Zunge learning, If this is true (and the present writer is quite incapable of 
Judging the matter), Smith has presented a theory of extraordinary importance. 
1 in his discussion of tracking, has presented a model designed to han- 
oe the learning of a complex tracking skill and it is apparent that he prefers 
А Approach an understanding of this skill by working directly with it rather 
ies constituentanalysis. There were suggestions in the 
I mers might accept a similar position. 
ie oe realized that the pile а e mc 
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iri 2 inki "ever, 
is possible is after all an empirical problem. Much of our thinking, howe 
is geared to analy 


; chniques to 
we may have to develop a new set of techniques t 
; is is ssible i iven situations. 

evaluate appropriately whether or not synthesis is possible in given situati 


Theory 


VERBAL LEARNING 


It was noted in a preceding section that verbal learning in earlier decades 
was closely associated with functionalism, and that functionalism was not 
known for its original theoretical contributions. The current work in verbal 
learning is associated with a variety of theoretical approaches, although no 
one person can boast of a comprehensive theory of verbal learning. Mathe- 
matical models have found a compatible companion in paired-associate learn- 
ing. The computer has been used as a theoretical vehicle. Information theory 
or information analysis has been found useful by some in subsuming certain 
facts of verbal learning. Some of the work in immediate memory has been 
instigated by physiological models, and the notions of neural decay and 
neural consolidation are sometimes used as explanatory mechanisms. If di- 
versity of theoretical approaches taps the heartiness of an area, the imme- 
diate future of verbal learning is bound to be 


a robust one. 

It is probably correct to say that the typical approach to explanation of 
verbal-learning phenomena is not represented by any of the above-named 
modes of theorizing. The typical гезе: 
explanatory concepts which have 
of these are 


arch worker prefers, it seems, to use 
some independent empirical status. Many 
still holdovers from the conditioning lal 
as generalization, extinction 
nomena have been de 


oratory, concepts such 
‚ and spontaneous recovery. Some of these phe- 


monstrated to occur in the verbal- arning laboratory 
while others are assumed to occur, but in either case a part of the theorizing 
may be to assign the particular characteristics (how they are assumed to be 
influenced by particular independent variables) needed to account for certain 
findings. But there are also empirical concepts that are used which were dis- 
covered in the verbal-learning laboratory. For example, consider backward 
associations. These are phenomena for study 


Н Я 8 y may 
in their own right, but they ma) 
also be used to explain certain pre 


viously puzzling phenomena such as the 
negative transfer which may occur in certain paradigms. Consider another 
illustration. If one assumes that word-association norms reflect the relative 
frequencies of implicit responses which are made to corresponding stimulus 


z geh e 
nt, then certain predictions about th 
learning in this experiment may follow. 


words in a verbal-learning experime 
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a hg imam concepts of contiguity and frequency. also occ sionally 
үр Н weorylike statements in verbal learning. Indeed, differences in 
oe about the role of frequency in the formation of associations are 
SSponsuMe for the lively contemporary с 
КЕ incremental learning. But, to repeat, if there 
ing in verbal learning today, it is one which mi 


ontroversy known as all-or-none 
is a modal manner of theoriz- 
akes fairly heavy use of em- 


Pirieul concent 
cal concepts as explanatory concepts. 


Мотов-Ѕкцлѕ LEARNING 

t No attempt is made to review the various theories that have been applied 
Жы a eg No participant in this conference was given the nearly 
which E e task of reviewing theoretical approaches. Theoretical matters 
n did arise did so as an auxiliary outcome of the pursuit of other objec- 
ins ese restrictions а great variety of theoretical ap- 
This variety is even quite obvious in the theories 
(Chapter 8). The present plan is to make 


otions, followed by 


ithe But even within th 

roaches 3 : 

d TA was discernible. 
еа i * " : 
aling only with tracking behavior 


bri 
le ^ : g re exte ay 
comments about two theoretical 1 a more extended 


treatment of a third. 

. No participant in the conferenc seemed impelled to defend the proposi- 
tion that reinforcement in the Jassical sense should enter as a m- 
= notion into theories of skill learning. The analogy between the animal- 
earning laboratory and the skills laboratory can sometimes becomes quite 
close, аз, for example; in the use of informative feedback (Chapter 6) in simple 
ной movements. Nevertheless; the conse ms to be that such 
eedback is best conceived of as a means of defining to the subject the nature 
= the response to be learned rather than as a reinforcing event in the classical 
Sense, Të is possible that the same conception might be applied in the animal 


labor, 


yjor theoret- 


nsus see 


an 


atory. 
The " . | 
ing 15 manipulation of tempore 
E tri; 
cult ial has accounted for much 
not to accept some principle 


| relationships among the events on à learn- 
research in all areas of learning. It is diffi- 
of contiguity b differed 


to the contiguity princ 


ut theorists have 
iple in order for learn- 
on temporal manipulations in the area of 
ook. The major events of concern are 
ponse. The criticalness of this in- 

ive feedback dealt with in Chap- 
re the feedback is concerned 
responses as he attempts to 
lay between the re- 


as 
iene events must adhere 
Motor lap The heavy emphasis 
the 45 ills is evident throughout t 
terva] Sponse and the feedback to tiay um 
ter 6 i. nat apparent in the types аара " 
with the it is apparent in other chapters : я 
Cont i subject’s perceiving the results of ht i 

Мо] “something.” In these cases the length of the de 


Spons : ain ble: 
Ponse and the feedback becomes а highly potent variable. 


his b 
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In driving an automobile there is a relatively short lag between a steering 
movement and the "response" of the vehicle. In steering large ships, on the 
other hand, there is a long lag between steering movements and the response 
of the ship. In the laboratory, such differences may be simulated by the 
manipulation of lag time in tracking tasks. As the target or track changes the 
subject sees that he must react in a given way and moves a control to bring an 
indicator or cursor on the target. But, with a lag in the control system, he is 
not able to see the effect of his movement immediately. And of course, to stop 
the movement in а given direction once it has started he must make a correc- 
tion appreciably before the display would seem to require it. Lags of even а 
few seconds can make the task extremely difficult to master. Of course, we 
have had much experience in controlling movements of simple tools and 
vehicles where the lag is essentially zero, and we may expect a disturbing 
effect when lag is present. It is also true that a lag requires the subject to 
learn precise temporal judgments, both as to the interval before any move- 
ment of his indicator occurs and the rate of change 


once movement is ini- 
tiated, so that the lagged task may be intrinsically a more difficult one than 
a nonlagged task. Nevertheless, data from variation in lag times may be used 
in support of the thesis that contiguity between movements and the feed- 


back from these movements is a critical variable in learning. 


The role of contiguity in skill learning has perhaps been most dramat- 
ically shown in some of Smith's (Chapter 9) demonstrations. When even a 
slight delay is imposed between the subject's pe 
responses and the feedback, little if any le; 
comes clear, 


rforming certain complex 


arning may be observed. It be- 
therefore, that while Smith may rail against certain forms of 
contiguity theory, his data in fact must make him a staunch supporter of the 
contiguity principle. 


Finally, we may turn to a consideration of 


à particular theoretical notion 
that has been closely associate 


d with work in skills learning. The hypothet- 
ical construct of reactive inhibition (or temporary work inhibition) domi- 
nated one line of research in skills learning for a dozen years after World 
War II. The basic idea of a work inhibition (which builds up with responding 
and dissipates with rest) is an old one in psychology. But, as Irion pointed 
out in his history, the notion never gained prominence until Hull introduced 
it into his system. Subsequently it was taken over bodily by workers in the 
area of motor-skills learning. Indeed 


i ‚ їп the initial phases of research on 
motor learning in the third period of history (as defined by Irion), the studies 
dealing with reactive 


inhibition must have contributed disproportionately to 
the increase in the research in motor skills in general 


scribed by Irion. Equally dramatic 
cerned with reactive inhibition h 


, an increase also de- 
is the description of how studies con- 
ave rather suddenly dropped to a trickle in 
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the past few v Sos 

past few years. This lack of interest is reflected in this volume, where 
ig reference to it in one paper (Chapter 8). Had this con- 
been surprising to have seen 
ts, with reactive tnhibi- 


one finds only a pa 
fere ‘ 
nce »e i 
e been held 10 years ago it would not have 


the confi 
onference revolvi > Бр 

erence revolving around inhibitory construc 
e. This loss of interest in reactive inhibi- 


to be an outstanding pu zle in the con- 
For this reason, and for others which 


will sul 
subse x s H H ( Р 
eque ntly become apparent, some examination of the various aspects 


ait аре will be undertaken. 
Бур айы * пенй first to remind ourselves that т e i 
pirical нуде айза апа if we speak of it sometimes as if it were an em- 
Notion is кмш. it will only de accepted the 
be meee 5 а second reminder, we һо 
formünce y caused by reactive inhibition 
While inc сендй for a task may actually 
rm ass reasing under distributed practice attests to the power of the mecha- 
assumed to be responsible. When inferred from reminiscence scores 
ed practice the shift in the 


eriod subsequent to mass 
so dramatic that we may even allow our 


a control (no rest). These comments 
ated with reactive inhibition are 


tion as 
И ts the central point of referenc 
on a эн 
fe ippears to the present writer 
mporary soci f 
рогагу sociology of our discipline. 


eactive inhibition is a 


monstrate how commonly 


should note that the phenomena said to 
are of large magnitude. That per- 


decrease under massed practice 


wowing nina rest р 
ыу ii upward may be 
about t ld get away without using a с 
made Fus magnitude of the effects associ 

r two reasons. First, there are not m 


With in the laboratory (including learning itself 
active inhibition. 
n for experimentatio 
nt processes 
of leeway in making these 


n reactive inhibition 


any phenomena that we deal 
„nich are of such magni- 
Second, given this magni- 
n in that there is much 
associated with dif- 


tude 

tu d te associated with IB 

"room" t 8 — an ideal situatior 

ferent nn > ay with. If there are 

analyses pradan variables, we 
s. It is odd, somehow, that the 


Occur 
efi red almost simultaneously with the appearane® 
erence is made to the work reviewed by Irion on the particular aspects of 
As changed by reactive inhibition, and by the work 


t 

— en which wa by! e ae he si 

Seem ateral transfer of reactive-inhibition e E а s * Я nig t 
nas » Were the opening wedges into a new attack on the problems. History 
| n supported these expectations. Why? 

Мы, tnus first realize that the rapid decreas 

n did not occur because the characterization О 


eis, 0тар1ее. Far from it. We do not know (M d 
up ins EDEN with regard to task variab es ts a dd 
e on be associated. There have been few wi 0 5 Ae 

tion о of reactive inhibition from one task io 225 ái 2 
of the task similarities. The characteristics of the dissip: 


constitue 
have plenty 


loss of interest i 
of new types of analyses. 


e in the work on reactive in- 
fthe hypothetical process 
f buildup with any Pre- 
hich the rate of build- 
hich transfer of the 
studied as a func- 
ation have not 
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n | ҮЕ 
been clearly determined. Is the rate constant regardless of the amount? Is it 
proportional to the amount? 


ible reason for the loss of interest in reactive inhibition 

that its presence in a wide variety of learning situations became doubtful. 
Шей: i i vas a replicable > > tem- 

When reminiscence in verbal learning was a replicable phenomenon, 


Another pos 


porary inhibition interpretations were applied in much the same way as à 
were subsequently applied to reminiscence in motor learning. Although we 
'annot rule out the possibility of a temporary work inhibition in verbal learn- 
ing, it has been impossible to develop a situation from which it can be con- 
sistently inferred. It will be remembered that Hull introduced the notion of 
reactive inhibition primarily to handle extinction and spontaneous recovery. 
Contemporary theorists in animal learning make little use of the notion in 
explaining extinction and the work on spontaneous recovery has lagged so 
much that it is difficult to know in detail just what has to be explained. The 
general loss of interest in Hull's theory as a whole may in part be responsible 
for the contingent loss of interest in reactive inhibition. Selective learning 
studies have not been able to demonstrate phenomena for which reactive 
inhibition might be an appropriate explanatory concept. Thus it seems that 
there is a fairly restricted range of tasks which will produce the phenomena 

with which reactive inhibition is associated. 

We may note that it is generally a 
Irion has pointed out in Chapter 1) 
ance variable—it doe 


imed (because the data demand it, as 
that reactive inhibition is only a perform- 
s not influence learning. Given this situation, investi- 
gators whose interest lies in learning may have deliberately chosen skill 
tasks and practice schedules to avoid the contamination of their scores by 
reactive inhibition. However, the very Ё 
that reactive inhibition influe 
be telling 


acts which led to the conclusion 


nces only performance must at the same time 
us something of considerable importance 


subject working under massed practice make. 
or makes less accurate responses th 
tributed practice and yet still learns 
with a fact of high relev 


about learning. When a 
5 many fewer correct responses 
ап does a subject working under dis- 
as much or as well, we are presented 
ance for learning theory. 

Finally we note that the rapidly ch 


anging requirements of man's duties in 
various military roles may be re 


sponsible in part for the loss of financial sup- 
port for studies in which tasks re 


quiring rapid repetitive movements аге 
used. Whatever the 


sause for the decline in the 
tion, the fact remains that an important 


problems to be solved experimentally 
ing as well as to work-type beha 
inhibition seems doubly 


research on reactive inhibi- 
aspect of behavior still poses many 
‚ problems which are relevant to learn- 
vior. Refined characterization of reactive 
important in view of the fact that individual dif- 


ferences in the development of reactive inhibition are being related to per- 
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sonality characteristics, to vigilance behavior, and to elementary academic 
skills (e.g., Lynn, 1960; Otto & Fredericks, 1963). 


Retention 


We now turn toa somewhat more substantive matter than those considered 
thus far. For many years, in one form or another, the question has arisen con- 
cerning the relative rates of forgetting of a motor skill and of a verbal list. 
It is probably not incorrect to say that a casual survey of the evidence on the 
matter would lead to the conclusion that verbal tasks are forgotten more rap- 
idly than motor-skill tasks. However, as E. A. Bilodeau (Chapter 7) has pointed 
out, this difference, even if real, is probably of less magnitude than often be- 
lieved. This is in part due to the fact that contemporary estimates of the rate 
of forgetting of verbal materials learned by naive subjects are appreciably less 
than those given in the older literature, and in part due to the fact that Bilo- 
deau interprets his data on retention of a positioning movement as showing 
more rapid forgetting than is commonly associated with skill tasks. 

Adequate comparisons of the retention of verbal tasks and skill tasks are 


beset by many difficulties, some of which may be responsible for the apparent 
better retention of motor skills. (In discussing these difficulties there is some 
overlap with Irion's comments in Chapter 1.) Insofar as degree of learning 
ras the nature of our measurements do not 


influences acquisition, and insofi 
allow an equation of degree of learning for different kinds of tasks, com- 
Parisons of retention are at once suspect. The response requirements for 
verbal and skills tasks often differ. High skill on a pursuit task may mean 
keeping the stylus on the center of the target; on a retention test performance 
may deviate considerably from this and still be counted as on target. In the re- 
call of a verbal list, an item is usually counted as correct or incorrect. Thus, 
t may produce two of the three letters of a nonsense syl- 
t, the subject may 


even though a subj 
lable correctly it is not counted as a correct response. In fi 
not even attempt the response if he can only remember two of the three 


letters. It is quite possible that if we probed for recall of a verbal task, forcing 
and scoring these responses even if not entirely 


responses when necessar 
correct, our estimates of forgetting of the verbal task would be appreciably 
reduced. Even if the material consists of words, such scoring could be accom- 
plished in terms of correspondence between the number of syllables of the 
correct response and the given response, corresponding letters or syllables, 
and similarities in sounds. 

In learning a skill task which is to be later tested for retention, it is com- 


mon to give distributed practice in learning; the purpose is to eliminate the 
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reminiscence component which may be present if acquisition is given under 
massed practice. In a number of studies, the practice period has extended 
over days. If a verbal task is given such forms of practice, at least when there 
is heavy proactive interference for the list to be recalled, forgetting is mark- 
edly retarded (Keppel, 1964). Adequate comparisons of the retention of verbal 
and motor skills must somehow equalize the tasks on this variable. Some n 
vestigators in studying the retention of motor skills (e Fleishman & 
Parker, 1962) have eliminated the initial scores on a retention test on the 
grounds that these are depressed by warmup decrement. This assumption 
may or may not be correct; what is called warmup decrement may be called 
forgetting in a verbal-learning experiment. We obviously need to use warmup 
tasks before recall which will not interfere with the task to be recalled and 
still extract the warmup factor if there is one. But the results of attempts to 
meet this demand have been quite inconsistent (Adams, 1961). Р 
Why should we be concerned about the relative retention of verbal skills 
and motor skills? The answer obviously lies in our desire to maintain con- 
tinuity in our interpretation of behavior. We will probably avoid as long as 
possible the conclusion that forgetting of verbal skills and motor skills are 
based upon different processes or that the skills represent two different s 
tems with little overlap. One long-held interpretation of forgetting of verbal 
material rests heavily on interference from conflicting associations. Modem 
refinements of the theory have used retroactive and proactive inhibition as 
studied in the laboratory as the key to overall forgetting. Thus, when a subject 
learns a single task and attempts to recall it, say, afterone week, the retention 
will be interfered with by conflicting 
time prior to the le 


75- 


associations acquired throughout co 
arning of the task to be recalled (proactive inhibition 
and it will be interfered with by conflictin 


кб. тё ring 
g associations acquired dur 
the one-week retent 


" H 2 2 W 2 "^ е; е ats 

ton interval (retroactive inhibition). Certain refinemer 

: H 2 1 is i or 

to the theory provide in some detail the mechanisms by which this inte 
erence is assume. А s ince 

ference is assumed to be governed (e.g., Underwood & Postman, 1960). Si 

relatively short retention intervals are 


f perimenta 
normally used in our experime 
studies, it becomes app 


arent that sources of proactive interference are ВЕ 
mary. Essentially, we view the entire verbal repertoire which the subject 
brings to the experimental situation as being the source of the interference 
at recall. It has become necessary to map this associative network if We 
are to make predictions about differential rates of forgetting for different 
types of material. Thus, a task which requires the acquisition of association® 
which are directly contradictory to strong one 
should suffer greater forgetting 

Several tests of the role 
have been disappointing. 


pre-experimental associati 
than one which is not. ing 
of pre-experimental associations in pee 
However, certain recent experiments give som 
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backing to the theory (see later part of Chapter 7, and Blick, 1965; Saltz, 
1965). If the theory, at least in its general outlines, should subsequently 
s yet), 


prove appropriate (and most of us have no intention of abandoning it a 
then in developing a relationship between the forgetting of verbal skills and 
motor skills, we should, perhaps, attempt to apply the theory to the motor 
skills. This would mean the mapping of the “associative network” of motor 
skills which the subject brings to an experimental situation. Just what this 
may mean operationally is difficult to say. However, one attempt (Melton, 
1964b) has been made along these lines by assuming that the population 
stereotypes (S-R compatibility) represent a potential proactive source of 
interference if the subject is trained in a manner that is incompatible with 
the stereotype. 

If we seriously set about to attempt to compare the retention of verbal 
ish to devise tasks which embody certain charac- 
sarning. Bilodeau, in his work with the re- 
ments, may have given us a lead of great 


and motor skills, we may w 
teristics of both verbal and skill | 


tention of simple positioning move 
10 discrete stimuli (analogous to stimuli in a 


d the subject to make a movement of a partic- 
ment will have a limited range of tolerance 
tention test we could not only measure the 
also the precision with which the 


value. Suppose we used, say, 

paired-associate list) and traine 
ular distance to each. Each move 
for being counted correct. On a re 
retention of the particular associations but 
responses are executed, and these two factors may be measured. independ- 
ently, Proactive and retroactive inhibition could also be studied by making 
either an A-B, A-C paradigm oran A-B, A-B jumbled paradigm. Ina somewhat 
similar fashion, a serial list could be simulated by eliminating the stimuli 
and requiring only that the subject learn a particular order of a series of posi- 


tioning movements. i | " 
Finally we turn to certain issues raised by Bilodeau's studies (Chapter 7) 


positioning movement. Bahrick, in his discussion 
ctions to the studies, primarily on the 
learning which occurred 


on the retention of a simple 
of Chapter 7, has raised serious obje 


grounds that nothing or little is known about the 
Prior to the introduction of the retention interval, and knowledge of learning 


is considered essential before retention measurements can be given meaning. 
lieve that a mean retention measure is a very good one, 
f two other measures to index forgetting, namely, 
More particularly, it is assumed 
and retention 


Bilodeau does not be 
and has proposed the use о 
the correlation coefficient and the variance 
ations between learning measures 


that a decrease in correl i A 
ase 1n variance over 


of forgetting, while an incre 
tting. The intent of the present discussion 
ationships of these two measures for 


measures will be indicative 
time will also be indicative of forge 
and rel 


15 to examine the implications | 
kground is essential. 


the study of forgetting. Some bac 
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If we give a group of subjects a constant number of training trials on a 
verbal list and measure retention after 24 hours, the correlations will be quite 
high between the level of performance attained on the last acquisition trial 
and the recall trial. In three different verbal tasks, these correlations ranged 
from .74 to .81 (Underwood, 1964, Table 2). We have interpreted such re- 
lationships to mean that differences among subjects in level of learning 
attained are far more powerful determinants of amount forgotten than are 
individual differences in rate of forgetting. Similar data are available from 
the study of a complex motor skill. Ina study by Fleishman and Parker (1962), 
which has also been discussed by Jones in Chapter 3, retention measures 
were made on various groups at intervals up to 2 years following a constant 
number of trials on the task. For seven different groups the correlations be- 
tween performance scores at the termination of learning and scores on the 
retention test varied from .80 to .98. There was no clear change in these 
correlations as the retention interval increased. The magnitudes of these 
correlations are probably “inflated” somewhat by the fact that a relearning 
measure was used and the first 3 minutes of practice during relearning elimi- 
nated from the scores (to remove warmup effects). Thus the retention meas- 
ures are not recall measures and probably include new le: 
less, the magnitude of these relationships corresponds w 
verbal-learning studies. 


uning. Neverthe- 
ell to those found in 


We may now examine the lever-positioning 
be expected to happen to variances and correl 
these measures have for under: 
going to teach subjects to move 


situation and see what may 
ations and what implications 
standing forgetting. Let us assume we are 
the lever 15 inches, and we are going to give 
all subjects 10 acquisition trials with knowledge of performance after each 
trial. On the first trial we tell the subject the general nature of the task and 
then ask him to guess on the first trial, giving an instruction such as, “Move 
the levera distance that seems natural to you.” After this trial, we tell him how 


«э» 6 SM 
much he was "off," and then give another trial, and so on, until the 10 trials 


are completed. Retention is measured by asking the subject to produce the 
movement he had learned duri 


ng the training session. 
We may now examine three possible indie 


ants of forgetting (means, 
variances, correlations) 


; біуеп certain outcomes. We would first, of course, 


asure of original learning. Just what this should be is difficult 
to say without actually working in the 


obtain a measure of learning for each 
some individual difference 


need some me 


Situation, so let us assume that we сап 
subject in such a manner that we have 


s in the degree of learning. Let us assume further 
that we are going to view the results in terms of 


interference being produced by the “natural” 
in this situation, a bias which we have 


an interference theory, the 
response bias of the subject 
attempted to measure on the first trial. 
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(We in fact might find it necessary to give several “first” trials to get a more 
reliable measure of the bias.) 

‚ assume that the mean response on the first trial 
is 10 inches, indicating some population bias to undershoot. Assume further 
that one subject in this distribution moved the lever 5 inches on the first trial, 
a second subject moved it exactly 15 inches (he was on target the first trial). 
We may expect that the first subject will have more difficulty learning this 
task than the second and we would properly assess his degree of learning as 
lower at the end of the 10 acquisition trials. If forgetting occurs, the scores 
of the first subject should move back toward the 5-inch point, the scores of the 
second subject should remain essentially at 15. Relative to the performance 
vould indeed be an increase in the variance 
and complete forgetting would be in- 
same level present on the first acquisi- 
san performance should shift 


As one possible outcome 


on the last acquisition trial there v 
as the retention interval increased, 
dicated when the-variance reached the 
tion trial. At the same time, however, the m 
downward in the direction of the mean setting measured on the first trial. 
Either the mean or the variance would be indicative of the same processes of 
forgetting. What about the correlations? Here we have to make a working 
assumption about the measures of degree of learning relative to the initial 
biases. The subject who set the position at 5 inches will be assumed to have a 
larger negative constant error than the one who set it initially at 15 inches. 
In a manner of speaking, the initial bias interferes with the learning; such 
interference would be most apparent if we gave no knowledge of the magni- 
tude of the error on each trial—only the direction. Given this situation, the 
correlations among the response magnitude on the first trial, the degree of 
learning achieved in 10 trials, and the score on the recall trial should all re- 
main high. In fact, on statistical grounds alone, one might expect an increase 
in the magnitude of the correlation between level of learning and the reten- 


tion measure as the retention interval increases be 
it would seem there is a no а priori 


variance of the individual scores. Thus, i 
lations should occur as the re- 


reason to believe that a decrease in the corre 
eases. In fact, it would seem that the investigator would 


tention interval incre 

be hard pressed to explain such a decrease in correlation by any extant cone 

cepts. To explain it by an interference theory would require something like 

"random interference.” But of course, interference may not be appropriate 

as an explanation for the forgetting of motor skills. | 
What would it mean if our two hypothetical subjects, clearly differentiated 

on the initial trial as well as on original learning as a whole, moved closer 


and closer together in their retention scores as the retention interval in- 


creased (indicating a decrease in the variance as well as a decrease in the 
correlation). That it seems unreasonable that this could happen does not, of 


sause of an increase in the 
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course, mean that it could not happen. However, in view of previous findings 
it is most reasonable to expect that there will be an increase in variance with 
time but that the correlations between original level of learning and reten- 
tion will remain relatively stable over time. | 
We next consider another possible outcome of our hypothetical experi- 
ment. Assume that on the initial trial the mean of the group is 15 inches; the 
average positioning movement is right on target, indicating no group bias 
for undershooting or overshooting, and the distribution of scores is sym- 
metrical. Obviously, with 10 training trials the range of the distribution will 
be reduced. If forgetting occurs here there is no reason to expect a change in 
the mean scores on the retention test and, as Bilodeau has pointed out, if we 
look only at the means we would conclude that there has been no forgetting. 
But, in accordance with the previous discussion, w 3 
in variance; those who had an undershooting tendency should “regress 
toward undershooting, those who had an overshooting tendency should re- 
gress toward overshooting. Again, however 
correlations to decrease. To have a decre: 
peat, but such a m 


e would expectan increase 


‚ there is no reason to expect the 
ase in correlation is possible, we re- 
easure of forgetting means that as the retention interval in- 
creases the performance of the subjects during original training becomes less 
and less related to the retention scores, and if one cannot predict the retention 
of a subject on the basis of what we know about his history with a given task 
then attempting to understand the 


auses of forgetting becomes a somewhat 
hopeless affair. 
Our general conclusion is that 


forgetting can be a very meaningful measure in certain situations. However, 


we will expect this increase to be accompanied by substantial correlations 
between original learning and retention and those 
crease substantially with time. If the. 
uted to an artifact, such as many 
ance, we are faced with a very 
of previous evidence it see 


an increase in variance as a measure of 


correlations will not de- 
y do, and if the decrease cannot be attrib- 
subjects falling to a zero level of perform- 
difficult interpretative problem. On the basis 


ms unlikely that we will have to face the problem. 


Some Final Observations 


Research in psychology today is often said to be highly specialized. Some- 


a negative component and we are said to be 
Mors working in the field of motor-skills learning аге 
probably less narrow than any other group; they essentially remain general 
psychologists because the nature of their research demands it. This demand 
may in part have been produced by the fact that many of their problems arose 


times this evaluation carries 
narrow. The investiga 


MOTOR-SKILLS LEARNING AND VERBAL LEARNING 515 


originally as applied problems—the man-machine relationship as it occurs 
in military and industrial settings. Learning to fly a modern airplane pre- 
sents most of the problems with which much of general psychology concerns 
itself in abstracted forms. 

Whatever the reason, the fact remains that these investigators cover a 
broad range of problems. They are psychophysicists; they study sensation 
and perception; they are factor analysts; some are cyberneticists. They study 
simple associative learning, probability learning, concept learning, as well 
as their specialty, skill learning. They study the effect of emotional states 
on skill learning; they study vigilance, attention, and reaction time. They 
rily use concepts borrowed from other fields, but they have 


must neces 
some which are primarily their property (e.g., feedback), and some which are 
not only unique to the field but also delightfully descriptive (e.g., dither). 
sment to those of us 


They have great technical skills, a source of embarra: 
Who are still trying to understand the wheel. 
Regardless of the particular evaluation we may place on individual con- 


tributions to this book, one conclusion is inescapable: motor-skills learning 


is a broad, viable field — it is here to stay. 
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instrumental, 464-469 

intermittent, 273 

intrinsic, 269, 274, 299 

kinesthetic, 269-271 

see Feedback, 


learning, action, and 
serial 

78, 260-269, 302-308 

delay, 259, 261-268, 302-308, 320- 


323 
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postinformation feedback interval, 
259, 262-267, 302-308 

mode, 305-307 

operational, 464-469 

procedures, 260, 279-280 

properties, 257-259, 299-302, 483-488 

reactive, 464-469 

reduced error in, 282-283 

relative frequency, 272-274 

reminder, 263, 265 

role in learning and retention, 77-81, 


255, 257-259, 269, 277, 299-302, 
320-323, 333-335, 487-488 


scale-grain, 279-282, 287-288, 310 
serial, 77-78, 261, 275-276 
sources in tool using, 464-466 
summary, 400-401, 403 
supplementary, see Feedback, 


augmented 
terminal, see Feedback, action, serial 
terms, 255-256 
theoretical properties, 77-81, 257-259, 
299-302, 483-488 
transformations, 77-81, 260, 279-288, 
308, 310-311, 321, 427, 470, 475- 
477, 483-486 
comparative effects, 440-444, 462- 
463 
instrumental, 464-465, 475 
numerical, 279-288, 308, 310-311, 
321 
physiological, 434, 463-464 
symbolic, 465, 468-469, 476-477 
see also Feedback, action, 
mented, delayed, displaced, error, 
frequency, locus, mode, serial 
verbal | reinforcement combinations, 
258, 300, 308-309, 320-323, 326- 
327, 333-337 
see also Knowledge of results, 
Reinforcement 
Forgetting, 315-360 
d dynamic theories, 359 


aug- 


atomistic an 

see also Retention 
Frequency, 505 
Functionalism, 490, 495, 504 
Generalization, 85-86, 504 
Genetic components 
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changes with practice, 130-131 
in performance, 128-131 
in psychomotor tasks, 130 

Gradient 
of delay of information feedback, 260- 

261, 264-265 

of reinforcement, 260-261 

Guided practice, 271, 301 

Habit-family hierarchies, 501 

History of skill, 1-46, 490-492 
age-maturation hypothesis, 12-13 
Ammons’ theoretical analysis, 19, 21 
compe on rules, 10-11, 25-26 
correlational studies, 15-17, 20, 34-36 
definition of skills field, 1-4, 489-490 
distribution of practice, 9-10, 12-14, 

19-24, also: 27 

fatigue, 12-13, 19-22 
feedback, 29-34 
historical periods, 4-8 


Hull’s theoretical analysis, 5, 19-22, 
30 

individual differences, 15-17, 20, also: 
34-36 

inhibition 


proactive and retroactive, 10-11, 
14, 24-25 
reactive, 19-22 
knowledge of results, 29-34 
law of effect, 29-34 
learning curves, 12 
length-difficulty, 10 
productivity 
in skills field, 4 
in transfer, 215-217 
of individuals, 8 
psychometrics, 14-17, 34-36, also: 20 
reflex, 2-3 
reminiscence, 20-24, 27 
bilateral, 23-24, also: 9-10, 12-14, 
19-24 
se 
bility, 3-4 
selection, 3-4, 47-54 
retention, 12, 27-99 
relative, of verbal and motor habits, 
17-19 
sIr, 19-22 
Snoddy hypothesis, 13-14 
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stimulation-maturation hypothesis, 
12-14 
systematic viewpoints, 8-9 
transfer of training, 11-12, 14, 24-27, 
215-221 
between tasks of different difficulty, 
26-27 
bilateral, 14, also: 23-24 
warming-up, 18, 2 
whole-part, 10-11 7. 
work, 12-13, also: 19 
Homunculus, 173 
Human data processing, limits of, 190- 
196, 486-487 
Hypothetical construct, 491, 507 
Incongruence, see Congruen 
Individual differences, 15-17, 20, 34-36, 
109-167 
in retention, 345, 354-358, 512 
in selective learning, 86-89 
Information 
analysis, 504 
feedba 5-313 
see also Feedback, Knowledge of re- 
sults, Reinforcement 
Inheritance, see Genetic components 
Inhibition 
conditioned, 392, 403 
proactive, 510-511 
reactive, 403, 506-509 
retroactive, 491, 510-511 
see also History of skill 
Instrumental learning, 464-468 
Interference, 215-254 
associative, 230-931, 251-252, 485, 
499-500 
in retention, 315-347,510-514 
in selective learning, 83-85 
interpair, 227 
intertask, 218, 220-226 
intratask, 226-236 
motor skills, 229, 233-236, 245-247 
proactive, 218, 250-251 
retroactive, 218, 245-246 
sources of, 230-23] 
random, 513 
see also Facilitation, Transfer of 
training 
Interpolated activity, 268-269, 271, 302, 
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in selective learning, 83 
Interresponse or intertrial interval 
see Distribution of practice 
Knowledge of results, 12: 
compared with feedback, 
466 9-470, 485 
see also Feedback 
Lag time, 506 
Language, 500-501, 503 
Learning 


255-256, 


all-or-none, 
degree of, : 
free, 493, 498, 502 
incremental, 505 
set (learning to learn), 
250 
theories of, 4$ 
see also specific topics 
Meaningfulness, 219 
effect on transfer, 223-226, 251 
Mechanism(s) 
of motor responding, 169-200 
of response, 201 
mechanics of, 210-211 
psychological study of, 201-202 
vigilance as a, 203 
Mediation, 219, 225 
Memory, see Retention 
Methods of psychology 
differential, 110-112, 165 
experimental, 109-110 
Monitoring, 202-204, see also Attention, 
Signal detection, Vigilance, Watch- 


49, 56-73, 484-488 


keeping 
Monotonic hierarchy, 126-127, 331-332, 
344-345 


Motor, 3-4 
skills (see Facilitation, Interference, 
Transfer of training) 


tasks 
compared with other tasks, 1-4, 297- 
299 


compared with verbal, 53-54, 233- 
239, 245-251, 298-999, 333, 345- 
346, 362, 489-516 

Positioning, 259, 262-273, 275-276, 
280-287, 320-323, 335, 355 

tracking, 361-424 
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Multiple choice learning, see Selective 
learning 
Neural action, synaptic versus neuronic, 
429-430, 487 
Neutrality (in transfer), 221-222 
one-trial learning, 219 
Noise, 288, 375-376 
Observing response 
and eye movements, 176-178 
and inferences from motor responses, 
178-181 
and multidimensional tracking, 178-181 
One-channel hypothesis 
and event uncertainty, 194-196 
and the expectancy view, 192-194 
definition of, 190-191 
Pacing, 361-363 
Paired-associate task, 299, 305-308, 337, 
see also Apparatus and tasks 
Paradigm, see Transfer of training 
Part-whole, see Whole-part and see also 
Analysis, component proce 
Composition rules, analysis 
synthesis 
Perception, cybernetic nature of, 459— 
464, 473-474 
Personnel selection 
Air Force, 137 
follow-up, 138-139 
Navy, 138-139 
validity, 136-138 
Population 
511 
Positioning responses, 259, 262-273, 
275-276, 280-287, 320-323, 333- 
335, 355, 423 
procedures, 259-260 
trial, 259, 262-263 
Post-information feedback interval, see 
Feedback, locus 
Precision in tracking, 362 
Prediction in tracking, 369, 391-392, 397 
Pretraining, see Transfer of training 
Probability learning, 53-54, 257, 273-274, 


stereotypes, 164-165, 346, 


285-287, 308, 311, 497 
Progression-regression hypothesis, 419— 


421 
Psychological refractoriness in tracking, 
365, 389-391 
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Pursuit Retention, 124-127, 217-218, 220, 224, 
rotor, 361, 369, 392, 402-403 232-233, 264, 26 . 315-360 
tracking, 361, 369-372 artifacts of measurement, 352-358 

Range effect in tracking, 365-366 association 

Reaction time, 497 categories of patterns, 338-340 

Recall clustering, 336-337 
clustering in, 219 conflicting, 510. 
free, 218 control-display stereotypes, 346 


procedure, 224 hierarchy, 7— 340, 346, 510-511 
response, 218, 225, 238 interassociations, 347 
R-S, 219-220 mediation, 345-358 
stimulus, 218, 225  - normative rates and networks, 336, 
see also Retention 340-345 
Receptor input control, 459-464, 473 overlap, 338 
Recognition, multiple choice, 228, 230- pre-experimental, 340-345, 510-511 
231 stimulated recall, 252, 
Reflex 358-359 
cybernetic nature of, 2-3, 429-431, 487 strength, structure, and rules. 
see also History of skill 253, 318-319, 333-347, 358-359 
Reinforcement, 255-259, 308-310, 505 correlation 
and nonreinforcement, 79 coefficient of determination, 328, 356 
compared with feedback, 47-48, 56, item analysis, 344-345 
63-73, 77-81, 85, 445-446, 466, matrix or pattern analysis, 124-127, 
470-471 158, 330-332, 344-345 
in selective learning, 47-48, 56, 63-73, measure of, 323-327, 335, 351-358 
77-81, 85 dichotomous score, 318-319, 335, 359 
intermittent, 472 environments, 333-335 
see also Feedback errors 
Reminiscence, 9-10, 12-14, 19-24, 402, blanks, importations, other list, 341 
507 intrusions, 333-347 
Response(s) forgetting 
amplitude, 322, 335 accumulation of variance, 330-332, 
definition, 484 344-345 


hierarchy, 252 

in selective learning, 47, 56-57, 61, 
63-66, 70-72, 84-85 

integration, 494 

interference, 

learning, 226, 298- 228, 496, 499-500 

meaningfulness 5 

measures, 48-49, 57, 279-280), 318-319, 
323-325, 335, 351-358 

multidimensionality of, 429, 434-436, 
447, 458, 474-475 

multiple measures, 246 

-produced cues, 271 


control over, 335 
see also Retention, reliability model 
frequency hypothesis, 337, 511 
individual differences, 163-164, 345, 
0 354-358, 512 
interpolated activ 
learning 
compared with repetition, 331-332 
compared with retention, 321, 347, 
353-357 
complication. or simplification. pro- 
cess, 332 
response and stimulus, 334 
matrix analysis, see Retention, corre- 
lation 
measures of, 317-325 


ity, 328-329, 345 


recall, see Recall 
requirements of, 509 
similarity, 220-226 
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correlation, mean, and variance, 323. 
58 
critical discussion, 


351-: 


methods 

anticipation, 317-318 

controlled recall, 327, 333-347 
328-329 


315-333, 
overlearning, 317-318 
paired associates, 337 
oe ijae i 


337, 342-346 


repetition, 316 
of response, 


апа feedbac 4 
stimulated mel 
358. 
misrecall, 340-345, see also Retention, 
errors 
motor tasks compared with verbal, 


17-19, 333, 345-346, 509-511 
performance distinction, 319 
positioning a lever task, 320-323, 335, 

355 
Proaction, 316-317, 329-330, 341 
re liability model, 


(consistency) 327- 


— — 32 
rote enor 
se 1 
short-term, 219, 329, 355 
Stimulated or reminded rec: 
events, 252, 333-347, 
reinstatement of memory, 


359 
333, 340 


structure, see Retention, correlation 
task analysis, 321, 334-335 
temporal course, 315-333, 342-345, 
353-359 

theory, see Retention, reliability model 
threshold, 318, 358 

trial 

alternative events and feedback, 


events or components of, 320-323, 
333-335, 353 


relations between and within, 322, 
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346 
see also Recall 
Reticular formation, 171-172 
Reversibility, 215-216 
Seales 
equal interval scales in retention, 
356, 358 
response versus feedback, 279-280 
Selective learning, 47-107, 261, 268, 
274, 490, 494, 508 
activity, 99-107 


353, 


apparatus, 49-55, 89 
Complex Coordinator, 50-51, 55, 
74,85 
imination Reaction Timer, 


50-51, 55 
Serial Discrimeter, 
78, 91, 103-106 
Selective Mathometer, 
61,67 „77-89 
Star Discrimeter, 50, 52, 84-85 
behavior process, 103-106 
degrees of solubility, 81 
dynamic process, 100-103 
effect, law of, 48, 79 
equation (approximation 
59-60, 99-101 
extinction, 79-80 


,97, 72, 87-89 
50-52, 


Finger } 
Multiple $ 


50, 52-55, 


formula), 


facilitation, 6 
learning-to-learn, 83-84 
proact 84-85 
retroactive, 84 

habit reversal, 54, 83 

interference, retroactive, 83-86 

intervening variable 
habit, 72 

learning 
cue-reversal-discrimination, 
discrimination, 57, 72-73 
interpolated, 83-84 


mastery (overlearning) and reten- 
tion, 72 

one trial, 72 

relearning trials, 85 

selective, 52-54, 62-63, 71, 76, 81, 


85-86 
complexity of task, 73-74 
compound, 57 
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descriptive analysis of, 54-56 
four basic elements, 55-56 
laws of, 73-89 
simple, 57 
spatial, 57-58 
generalization, 85-86 
position, 78 
theory of, 48-49, 56-73, 99-101 
set, 72, 83 
theories of, 57-58, 99-101 
trial-and-error, 51, 57, 63, 77,79 
without awareness, 105-106 
multiple-choice situations, 47-49, 89 
nonreinforcement, 79 
ongoing activity, 101-103 
organismic variables, 60, 86-89, 101- 
106 
categories 
age-in-years, 60, 87-88 
asymptotic capacity, 60, 81 
habit aptitude, 60, 86-87 
individual drive, 60, 88-89 
perceptual-motor skill variability, 
55, 81-82 
sex, 60, 86-88 
individual differences, 86-89 
reinforcement, 47, 63-73 
serial, 77-78 
S-R theory, 56-57 
contiguity, 71-72, 85 
terminal, 77-78 
see also Feedback 
repetition, 47 
response, 47, 85 
generalization, 84 
postremity, 65-73 


probabilities, 5: -56, 61 
selection, 57 
variables 

amplitude, 56 


frequency, 63-67, 70-72 

stimulus, 85 

complexity of task, 60, 73-77 

reinforcing-feedback contingencies, 

52, 60, 77-81 

selection, 57 

transfer-of-training, 83-86 

work distribution, 60, 81-83 
stimulus-response, 101-106 
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tendency, 102-103 
transfer of training, 60, 62, 76, 83-86 
trial, defined, 101, 104-105 
verbal control, 103-106 
Short-term memory, 307-308, 327-330 
Signal detection, 202-204, see also 
Attention, Monitoring, Vigilance, 
Watchkeeping 
Similarity 
concept, 456-459 
conceptual, 498 
)-226, 235 


intratask, 33 
paradox (in transfer), 221-222 
task, 507 
Simplification (learning as a process of), 
120-121, 136, 158-163 
Skaggs-Robinson hypothesis, 220 
Span 
of apprehension, 205 
of attention, 205 
Spatial organization of behavior, 471 
and response specificity, 450, 454-456, 


475 _ 
axial reference mechanisms, 450-452, 
483-484 


differential detection, 447, 450-454 
versus temporal, 446-447 
Speech 
and feedback control, 438, 442, 468- 
469, 476-477 
and paired-associate learning, 500-501 
Spontaneous recovery, 504, 508 
Stimulus 
definition, 345-347, 484 
equivalence, 228 
functional, 225 
generalization, 85-86, 253 
in selective learning, 52, 57, 60, 73-86 
interference, 230 
learning, 226, 230 
meaningfulness, 229-296 
predifferentiation, see Differentiation 
selection, 225-226, 492 
similarity, 220-296 
variables in tracking, see Tracking. 
display 
Stimulus-response (S-R) 
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compatibility, 511 
psychology, 56-58, 63-73, 484. 487, 
492,498 
String model, 141-143 
Superdiagonal forms 
in practice, 112-114, 158, 357 
in recall, 124-127 
in retention, 330-3; 
interpretation of, 120-123 
rough, 123 
Symbolic 
analogue, 302 
learning, 468-469, 476-477 
Synthesis, see Composition rules, analysis 
and synthesis 
Target, 369-380 
on target indicator, 278 
size, 280-283 
see also Feedback, transformations. 
Tracking, display 
Task(s) 
classification, 131-133, 150-158 
composition, 133-136 
difficulty, 123 
learning, see Apparatus and tz 
motor and verbal compared, 48 
similarity, 131 
see also Motor, tasks 
Teaching machines, 268 
Television techniques in cybernetics, 
444-452, 465-467 
Tetrad differences, 114, 135 
Theory in verbal and motor learning, 
504-509 
Tool using feedback, 464-469 
Trace theory, 263-264, 302 
Tracking, 261-262, 276-280, 287-288, 
299, 361-424 
acquisition, 361 
anticipation in, 183-187 
challenge effect in, 392-393, 403 
Compatibility of control with display, 
381-382 
compensatory, 36], 369-372, 381, 386, 
394 
Computer model of, 179-180 
Contour, 361, 390-391 
control, 380-384 
“feel,” 382-384 


gain, 382, 386-387, 417-418 

joystick, 380-382 

pressure, 383 

resistance, 382-384 

rolling ball, 381 

380-38 1 

em, 384-389 

ion, 383-384, 
392-393 

aided, 384-385, 390, 4113, 417 

degradation, 388-389 

differentiating, 381-384 

intermittent, 388 

Я "384 

maximum output, 387-388 

order, 384-385 

oscillation, 388-389 

positional, 383-385, 387, 392-393 

rate, 381, 383-387, 413 

time lags, 369, 385-388 
exponential, 385-386, 
sigmoid, 386, 418 


control 
386-387, 


416-418 


aiding, 415 
auditory, 378-379 

pitch, 379 

three dimensional, 379 
augmented, 400-401 
brightness, 377-378 
degradation, 374-375, 400 
delayed, 376 
filtered, 376 
flashing light, 377 
intermittent, 374-375 
loudness, 378-379 
magnification, 371-372, 374, 393 
multiple, 376-377 
noisy, 375-376 
predictor, 373, 387, 416 
pursuit-compensatory, 411-414 
quickened, 373, 381, 387, 414-416 
sensory dimension, 377-380 
vibratory, 378-379 
visual, 377-378 

depth, 378 

length, 377 

movement, 378 

dither in, 396, 418-419 
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error peaks in, 179-181 
eye movements and, 175, 178-179 
man as tracker, 389-398 
describing function, 393-398 
first-order lag, 395 
first-order lead, 395 
indifference threshold, 395 
intermittency, 389-391, 396-398 
neuromuscular lag, 395 
non-linear transfer, 396 
non-steady behavior, 396-397 
reaction-time lag, 369, 389-392, 
394-395, 397 
remnant of transfer function, 394, 
396-397 
response gain, 394 
spare capacity, 392-393 
strategies, 390-392, 394, 397-398 
stress induced by task, 392-393 
transfer function, 393-398 
variability, 397 
tracks, 364-369 
circular, 369 
multiple, 368-369 
ramp function, 365-366 
sinusoidal, 366-368 
multiple sine wave tracks, 368 
single sine wave tracks, 366-367 
step functions, 361, 364-365 
isolated steps, 364 
pairs of steps, 364-365 
series of steps, 365 
training in tracking, 398-403 
distribution of practice, 402-403 
dynamic, 400 
progressive part, 398-399, 421-422 
reminiscence, 402 
simplification of task, 398-401 
task complexity, 421-422 
task organization, 421-422 
transfer, 372, 385, 398-400 
asymmetrical, 372, 459 
warm-up in, 402 
two-dimensional, 368-369, 377 
Training 
correlation patterns in, 141-143 
factor analysis in, 139-140 
pilot, 139-143 
Transfer functions, 393-398 
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Transfer of training, 123-124, 
274-278, 288, 372, 385, 3t 
454-459 

and learning-performance distinction, 
251,319 

asymmetrical, 372, 459 

bilateral, 507 

cybernetic interpretation, 456-459, 475 

difficulty in, 235-236 

displaced feedback and, 454-456 

in selective learning, 83-86 

intratask, 83, 217, 226-233 


measures, 248-249 
motor skills, 215, 233-238, 245-247 
paradigms (A-C, A-Br, C-B, C-D), 222- 


227 

in motor skills, 246-247 

surface (Osgood) 
task complexity in, 233 

verbal pretraining in, 233-244 

also 


see Facilitation, Interference, 
Whole-part 

Trial(s) 

alternative events and feedback, 


322-323 
compared with training, 139 
defined, 101, 104-105 
delay of information feedback, 268- 
269, 306-307 
discrete, 259 
distribution and retention, 321 
events in, 259, 262-263, 320-323, 333- 
337, 353 
relations 
346 
Trial-and-error learning, see Selective 
learning 
Twin studies, 129-131 
Unlearning, 225, 332, 491 
Variance, variability 
as forgetting index, 323-332, 356-358 
changes with practice, 115, 159-160. 
282-283, 286-287 
in retention, 323-332, 345, 356-358, 
511-514 
in tracking, 397 
specific, 143-144 
Verbal 


learning, 304-308 


between and within, 322, 


SUBJECT INDEX 


maze, 304-305 
mediation, 103-106 
ion, 219 


sa 
tasks 
compared with motor, 53-5 
239, 245-251, 298-299, 333, 345- 
346, 489-516 
Vigilance, 170-171, 
509 
and arousal theory, 209-210 
and attention, 208-209 
sa mechanism of response, 203 
sts, 203 
see also Attention, Monitoring, Signal 
detection, Watehkeeping 


187-190, 202-204, 
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Warm-up, 18, 3 510,512 
Watchkeeping, 202-204 
spatial uncertainty in, 206-208 
stimulus uncertainty in, 206-207 
task, 206-208 
temporal uncertainty in, 206-207 
see also Attention, Monitoring, Signal 
detection, Vigilance 
Whole-part, 10-11, 25-27, 133-136, 139- 
143, 164, 398-399, 421-422, 497. 
498, 501-504, see also Analy 
component proces 
rules, analy { › sis, His- 
tory of skill, Transfer of training 
Wisconsin Card Sorting Test, 309 
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